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THE MECHANISM OF THE OXIDATIVE REACTION 
IN FERMENTATION* 

0110 MEYERHOF and PETER OESPER 

(/ Tom the Department of Phytiologtcal Chemistry, School of Medicine, 

Cnuersity of Pennsylvania, Philadelphia) 

(Rcccncd for publication, April 8, 1947) 

The reaction discovered by Warburg and Christian (1) has been the 

D Gh ccnldcln (1g-3 phosphate + phosphate + cozymase ^ (1) 

n glyceric acid-1,3 diphosphate + dihydrocozymase 

subject of a pretious study bj’’ Drabkin and Meyerhof (2) One of the 
problems to be settled m as the form in which glyceraldehyde phosphate took 
up inorganic phosphate prior to oxidation Some data were obtamed 
which suggested the formation of an addition compound However, the 
results were not as satisfactory as might be desired, smee it was not possible 
with the spectrophotometnc equipment used by Drabkm and Meyerhof 
(2, 3) to follow the course of the reaction (development of the absorption 
band at 340 mpt of dihydrocozjrmase) from the moment of mixmg with the 
enzyme This, together wath the relatively high corrections for the blank, 
caused some uncertamtj’’ as to whether the 6nal equilibrium was estab- 
hshed The present investigation, made with a Beckman spectropho- 
tometer, did not have these disadvantages 

Smee the publication of our first paper, Con and coworkers (4) ave 
desenbed the crystallization of an oxidative enzyme from muscle e^ract 
which has properties similar to those of the enzyme from yeast 
enzyme requires the presence of glutathione (or cysteme) in relat^e y g 
concentration during the course of the reaction Glutathione and cysteine 
react with triose and methylglyoxal, produemg substances which absorb 
at 340 mp Since this compheates the measurement, we used Con s enzyme 
only to establish the fact that the equilibria are identical with those ob- 
tained with Warburg’s enzjme from yeast This confirms t e cone usion 
drawn from other observations that the final values obtame represen rue 
thermodynamic equihbna Indeed, it will be shown below that the require- 
ments of the law of mass action aie excellently fulfilled for every componen 
of the system at equihbnum On the other hand, there 
indication of the formation of an addition product of g ycera e y 
phate and phosphate 

* This ^^ork was aided by grants from the Penrose Fund of the American Philo- 
Eophical Society and the Dazian Foundation for Medica esea 

1 
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OXIDATrSTE KEACXnON IN FERMENTATION 


or, if [diphosphoglycenc] is replaced by as before, and g’ and p' kept con- 
stant, equation (11) becomes 


r 


H+ 


( 12 ) 


or in logantbmic form 

log r = pH + log K* (12, a) 

Over the range from pH 8 3 to 5 5, this equation holds This is the greatest 
possible range, since m a more alkalme solution cozymase and triose phos- 
phate decompose and m a more acid medium (hhydrocozymase decomposes 
Three senes of expenments gave the follomng results (cf Fig 4) 

pH changed from 8 28 to 6 31 or —1 97, log r changed —2 10 

“ " “ 8 27 “ 5 42 “ -2 85, " “ “ -2 92 

“ “ “80 “5 58 “ -2 42, “ “ “ -2 52 

We assume, therefore, that equation (12) gives the tme equation of the 

thermodynamic equilibnum “ 

It may be added that change of temperature has no influence on equilib- 
num (2) At 22° and 32° exactly the same r values are found for identical 
mixtures If dK/dT ~ 0, the reaction must be thennoneutral accordmg 
to van’t Hoff’s reaction isochore Smce it was formerly found (7) that the 
reaction 


Glyceraldehyde phosphate + cozymase = 3-phosphoglyceric acid -f (13) 

dihydrocozymase 

gave about 7500 to 10,000 calones per mole, a similar amount of heat must 
be consumed m the endothermic reaction 


3-Phosphoglycenc -f phosphate — ^ diphosphoglycenc acid (14) 

II Methods and Preparations 

Most of the methods used here have already been described m former 
papers (2, 7) However, the Beckman spectrophotometer enabled us to 

~ Since \nth g', p', and pH constant r = K'" (equation 19)), equation (12, a) leads 
to the conclusion that the system 

[diphosphoglycenc] 

[glycersldehyde phosphate] X [phosphate] 

should give an oxidation reduction potential with a 0 058 volt shift per unit of pH 
and should resemble the system [pyruvate~l/[lactate“] since no ions are created or 
destroyed (see foot-note 1) Per unit increase of pH, A log K = 1, —RT log K = 
—1340 calones, or AE/pH = RT/2F = —0 029 volt But the system DPN+ 4- 2e 
4- H"*" ^ DPNH itself shous a 0 029 volt shift per pH unit (see Clark (6) Therefore 
the total equilibrium follows the equation 4-0 029 volts"' = a; — 0 029 voltDPU, 
where x is — AB/ApH for the diphosphoglycenc system x is therefore = 0 058 volt 
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determine the absorption of the background, which depends mostly on the 
amount of tnose phosphate When this had been done, 0 1 to 0 2 cc of 
the diluted enz 3 Tne i\ as added Readmgs were taken every mmute until 
they beeame constant AVlien the baekground was not quite stable, a cell 
filled with all components except the protein served as a control In all 
later experiments we used the cooling block through which water at room 
temperature circulated 

The oxidizing enzyme was prepared according to Warburg and Chnstian, 
with the modifications already described (7) The enzyme could be pre- 
served for several weeks with 0 025 m glutathione Smce the enzyme is 
diluted 100 to 200 times during the measurement, the final concentration 
of glutathione is less than 2 X 10"* m, and has practically no influence on 
the background absorption Cozymase was purified from a sample kmdly 
supphed bj'’ Hoflmann-La Roche * The preparation was made accordmg 
to Williamson and Green (8) from baker’s yeast By this procedure a 
punty of 55 to 60 per cent is attained noth fewer steps and with a higher 
yield than by the method of Ohlmeyer (9, 10) used in our former work 
But further purification is much more difficult The final purity was about 
65 or 70 per cent after coirecting foi the 7 7 pei cent of water present, while 
the P content was 8 7 per cent after drymg (theory 9 35 per cent) We 
measured the purity from the maximum value of absorption at 340 mp 
obtained in the presence of the oxidizmg enzyme and arsenate, deductmg 
the absorption of the background, and using for e (d = 1 cm , c = 1 nm per 
liter) 6 27, as determmed by Ohlmeyer ■* 

Tnose phosphate, hexose diphosphate, aldolase, and isomerase were 
prepared and punfied as described formerly (7) For purposes of compan- 
son we also used the racemic glyceraldehyde phosphate of Baer and 
Fischer (11) ' Calculated on the basis of alkah-saponifiable P, this product 
gave exactly the same value for h as half the amount of D-glyceraldehyde 
phosphate of our “natural” product This confirmed the correctness of 
our calculations of g' 

The glyceraldehyde used was a crystalhzed preparation from Schenng- 
Kahlbaum 

The pH was determined ivith a Leeds and Northrup pH meter and glass 
electrode Sodium pyrophosphate or veronal-acetate accordmg to Mi- 
chaelis (12) usually served as buffer But we also tested sodium tnphos- 
phate, which behaved like pyrophosphate, and alanylglycme, which gave 
values identical with those of veronal-acetate at pH 8 

’ We thank Dr Aeschlimann of Hoffmann-La Roche, Inc , for supplying us with 
5 gm of this cozymase 

^ Calculated from Ohlmeyer’s coefficient, e = 0 4343 X P 10"^ 

‘ We thank Dr Fischer and Dr Baer for kindly supplying us with two samples of 
their preparation 
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OXIDATIVE KBACTION IN FERMENTATION 


To ascertain the ma\imum amount of orthophosphate which the solution 
of pjuophosphate contamedj a modification of the Fiske-Subbarow method 
was employed Each of a senes of Nessler tubes is filled wnth 13 to 9 cc of 
distilled water, 1 to 5 cc of the unlcnown, 5 cc of ethyl alcohol (95 per cent), 
and 1 cc of eikonogen, thej’’ are cooled to about 10°, the molybdate-HiSOi 
reagent is added last, and the contents of the tubes are mixed immediate^ 
The full color develops imthin a few seconds on account of the accelerating 
effect of alcohol If, with this procedure, solutions of orthophosphate 
contaimng 3 to 10 7 of P per tube are compared with solutions of pyro- 
phosphate or with mixtures of both, it can be estimated from the color m 
the first seconds after muong w'hether the pjuophosphate contains less than 
3 7 of P of orthophosphate or more and how much With this method u e 
found that sodium pjTophosphate (Mallmckrodt, analytical leagent) does 
not contam a measurable amount of orthophosphate (less than 3 7 of P 
per 1 cc of 0 04 m solution), but if neutralized to pH 8 2 and kept some days, 
it contains around 87 of P, and if neutrabzed to pH. 7 it contains mneb 
more, and so on, the more acid it is made The Ion est concentrations of p' 
on the cun'^es (Pig 1) m the presence of p 3 'rophosphate are corrected wnth 
the values determmed m this 11 ay 

HI Dependence of r on p' in Presence of Vanoiis Buyers 

With either veronal-acetate, alanylglycme, or pyrophosphate as buffer 
the cun’’es for log r versics log p' for neailj’’ constant g' are straight Imes, as 
shomi m Figs 1 and 2, for pH 8 3 and 715 (Since the added amount of 
glj'^ceraldehj^de phosphate was somewhat over 10 >< 10 “^ mole per cc , while 
h was between 1 X 10~^ and 0 1 X 10"S g' in these expeiiments did not 
change moie than 10 per cent Tins change if apphed as a correction 
would not amount to more than 0 04 on the logarithmic ciiive for a vanation 
of log p' of 2 to 3, or to less than 2 per cent or 1 ° of slope ) Three different 
slopes are visible m Pigs 1 and 2 , corresponding to the three cases (1) 
mdifferent buffer, ( 2 ) pj-rophosphate buffer, (3) no buffer That veronal- 
acetate and alanjdglj^cme can be termed indifferent buffers follows not 
only from the fact that the straight fines usually have the theoreticall 3 ’- 
expected slope of 45° but that for the same pH the cuiwes coincide In the 
presence of P 3 rophosphate the Ime has a slope of a little less than 45°, 
which seems to show that p 3 ’'rophosphate enhances the effect of phosphate 
On the other hand, m the absence of buffer the Ime is much steeper and 
somewhat cun^ed towards the abscissa This latter coui-se is undoubtedly 
connected with the lowermg of the lomc or osmotic strength with decreas- 
mg phosphate concentrations, because other salts hke Na^SOi or KOI also 
increase the ^ allies of r for low phosphate concentrations and raise the curve 
similarl 3 to a straight Ime of 45° 
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The occasional deviations from the 45° slope of mdifferent buffer are 
probably due to small changes of pH in such cases, m Avhich the pH of the 
veronal-acetate, the orthophosphate, and the other components was not 
exactly the same Indeed, vuth the vanation of the phosphate concentra- 
tion over a range from 600 X 10~^ to 0 5 X 10“^ such concomitant changes 
are unavoidable (Fig 1) The same result can be seen from the constancy 
of K ' m Table I The amount of buffer is also an important factor 0 03 
mole gives about the maximum effect Lower concentrations give mter- 



Fig 1 The relationship at equilibrium of log r to log p' with appro\imately con- 
stant g' (r == [dihydrocozymaselVlcozymase], p' inorganic phosphate, g' glyceralde- 
hyde phosphate at equilibrium) , Experiment 5 7 pH 7 15 Curve I buffered w ith 
29 X 10“= M pyrophosphate, Curve II no buffer added The vertical line at log 
p' — 1 8 gives r values wnth various concentrations of pyrophosphate (c/ Table II, 
Experiment 5-9) 

mediate values between that obtamed tvith 0 03 m buffer and without 
This IS shown for 15 X 10"^ m phosphate m Fig 1 where pomts on the ver- 
tical line represent r values obtamed with different amounts of pyrophos- 
phate These pomts are taken from Table II. 

A word may be added about the effect of very high concentrations of p' 
At pH 8 3 the equihbrium of equation (1) is so fai to the nght that even 
With 0 08 M phosphate 95 per cent of the added coz 3 miase may be oxidized 
In this case an error of 1 per cent m the total cozymase gives more than 
20 per cent variation in r Such pomts are necessarily maccurate On 
the othei hand, at pH 7 mth 0 08 u phosphate only 50 to 60 per cent of the 
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OXIDATIVE HEACTION IN PERJIENTATION 


cozymase is reduced The values of r can be determmed very accurately 
and can be followed for a phosphate concentration much higher still 
Under these conditions the Ime bends to a somewhat flatter slope and 0 57 
M p', which IS 33 per cent greater than 0 43 m, gives a value of r only 20 per 
cent greater However, this may be attributable to the same influence of 
lomc concentration as the steepemng of the curve at low salt concentration 



Fig 2 Log r plotted against log p' iiith constant g' at pH 8 3 (A) and 7 15 (B), 
Expenment 5-16 Curves I, pyrophosphate as buffer (29 X 10“’ ii), Curves II, 
veronal -acetate (30 X 10“’) and alanylglycme (40 X 10“’), giving virtually the same 
points. Curves III, no buffer 

Another explanation would be the formation of a small amount of an addi- 
tion product, which would dimmish the value of g' about 25 per cent in the 
presence of 150 X 10“^ m phosphate and somewhat more m the presence of 
500 X lO'® M phosphate (c/ Section VII) 

In Table I, Experiments 5-1 and 5-2, Con’s crystallized oxidizing enzyme 
from muscle was used The measurements weie duplicated at the same 
tune with the yeast enzyme and gave identical values (not shown in 
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Tablib I 


Variation of r with p' at Constant g* 




Buffer 

/jXIO* 

rXlD* 

p’ X 10’ 

p X 10’ 

B 

4-4 

8 2 

Pyrophosphate 


28 0 

71 7 

■ 

(37 7)t 





12 4 

43 0 

wBi 

27 8 





3 68 

14 5 


24 3 





1 97 

8 8 

1 05 

21 3 





0 78 

3 09 

1 065 

23 6 




■iBmJ 

0 343 

1 11 

1 08 

28 6 





0 077 

0 27 

1 10 

25 9 

6-1 Con 

8 2 

CC 






enzyme 




12 1 

78 0 

1 15 

12 8 




0 765 

6 4 

46 5 

1 16 

10 0 





1 39 

15 5 

1 17 

7 7 





0 805 

9 55 

1 18 

7 2 




0 398 

0 333 

3 36 

1 19 

8 3 




0 271 

0 122 

1 15 

1 21 

8 8 




0 145 

0 029 

0 23 

1 22 

10 0 

5-7 

7 15 

Orthophos- 

1 680 







phate only 

1 195 

3 74 

370 

1 01 

1 00 




1 170 

3 35 

309 

1 01 

1 07 




0 960 

1 49 

154 

1 03 

0 94 


7 15 

Pyrophosphate 

0 994 

1 69 

154 

1 03 

1 06 




0 817 

0 878 

77 

1 05 

1 09 




0 717 

0 598 

46 5 

1 06 

1 21 




0 508 

0 241 

15 6 

1 08 

1 42 




0 457 

0 190 

9 44 

1 085 

1 84 




0 298 

0 0695 

3 48 

1 10 

1 76 




0 209 

0 0320 

1 40 

1 11 

2 05 




0 134 

0 0124 

0 47 

1 12 

2 35 

5-2 Con 

7 15 

** 

0 880 





enzyme 



0 492 

0 623 

78 

1 42 

0 56 




0 437 

0 43 

46 5 

1 43 

0 65 




0 311 

0 17 

15 5 

1 44 

0 76 




0 249 

0 098 

9 58 

1 45 

0 71 




0 168 

0 040 

3 34 

1 45 

0 80 




0 110 

0 0157 

1 17 

1 46 

0 92 




0 062 

0 0047 

0 235 

1 465 

(1 37)J 

1-15 

6 95 

Orthophos- 
phate only 

1 660 

1 164 

3 42 

549 

0 99 

0 63 



1 112 

2 76 

412 

1 00 

0 67 




1 040 

2 OS 

275 

1 01 

0 75 




0 848 

1 01 

137 

1 03 

0 72 




0 708 

0 583 

82 4 

1 04 

0 68 
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Table I — Concluded 


Experiment No 

pH 

Buffer 

h X 10« 

rXlO* 

P' X 10> 

t' X 105 

^ e-xp' 

4-8 

6 0 

Pyrophosphate 

0 895 

0 191 


71 7 

1 10 

0 066 




0 120 


28 7 

1 11 

0 058 




0 089 

■tWilIKM 

14 5 

1 11 

0 061 




0 062 

0 0046 

5 95 

1 11 





0 035 

0 0014 

1 67 

1 12 

0 075 


* For the symbols used see the explanation in Section I of the text 
t The bold-faced value is the maximum value deternuned in the presence of 
3 X 10“^ M arsenate and equals the total cozymase present 
% Inaccurate values 


Table II 
Salt Effect 


Experiment 5-9 pH 7 15, total cozymase = 1 59 X 10"^, p' = 15 7 X 10~’, 
p' = 1 0 X io-» 


Salt added 

Concentration X 10* 

/< X 10< 

rXlO* 

1 

Pyrophosphate 

0 

0 288 

0 064 


2 85 

0 334 

0 0895 


5 7 

0 366 

0 111 


11 4 

0 428 

0 160 


28 5 

0 496 

0 228 

KSOi 

142 

0 374 

0 115 

(NHOeSO, 

115 

0 327 

0 085 

KCl 

110 

0 378 

0 119 


Table I) Repetition of Expennient 1-15 at 32° instead of 22° gave 
the same values 


IV Dependence of r on g' at Constant Phosphate Concentration 

The straight loganthmic hnes obtamed are shown m Fig 3 Because 
the concentration of p is about 100 times as great as that of h in maximo, 
no corrections foi the bound phosphate m diphosphoglyceric acid need be 
apphed In this case background absorption has to be determmed for all 
concentrations of g' 

Smce no additional comphcations anse here by the variation of the small 
amounts of tnose phosphate, as m the case of the vanation of phosphate, the 
loganthmic hnes show an exact slope of 45° Some further experiments are 
collected m Table III 

V Dependence of r on pH and Independence of Total Cozymase 

The pomts of Fig 4 were obtamed m two experiments m which the pH 
was vaned The straight hne is drawn at an angle of 45° The true curve 
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IS a little concave to the abscissa, but this deviation is close to the margin 
of experimental crroi The constancy of r mth variation of the amount 
of added cozjmiasc is shown m Table IV, Experiment 12-23 The varia- 
tion of p' plays no r61e on account of the high concentration of p, but g' 
decreases with increasing h from 0 93 X 10“^ to 0 855 X 10“^ M This 
corresponds to a vanation of 8 per cent in the ? value In the last two 
columns the actual values are compared with the “theoietical” value of 



Fig 3 Log r plotted against log g' with constant p'. Experiments 7-9 and 4-13 
Curve I, pH 8, Curve II, pH 7, Curve III, pH 6 0 The dotted lines indicate r values 
determined in the presence of isomerase (see Section VI) 

• 

T, assummg that the value of r = 0 62 X 10“'' for 1 06 X 10~* mole of 
added cozymase is exact Although the lemammg unreduced cozymase 
vanes 100-fold, the experimental value of ? agrees wath the theoretical 
values to within ±15 per cent, well mside the expeiimental error 

VI Equilibrium in Presence of Oxidizing Enzyme and Isomerase 

The experiments deciibed above have only a shght bearing on the ques- 
tion of an addition compound of phosphate and glyceialdehyde phosphate 
If p' 13 kept high and practically constant, the concentration a of the addi- 
tion product would be propoitional to g' and the straight line would not 
differ from that actually obtained If p' is varied over a large range, a 
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difference m the curve should become visible if o is a large fraction of g'. 
In this case equation (4) would be transformed into 

log r = log {q — h — a) + log (p — ft — a) + log Z (16) 


Table III 


Variation of r with g' at Constant p' 


Experiment 

No 

pH 

Buffer 

h X 10< 

eX KP 

p XlCP 

s' X 10> 

K 

4-12 

8 2 

Pyrophosphate 

1 600 








1 546 

44 3 

71 5 

3 43 

18 1 




1 489 

19 9 

71 5 

1 64 

17 0 




1 450 

14 0 

71 5 

0 93 

21 0 




1 300 

6 64 

71 5 

0 381 

24 8 




1 205 

3 67 

71 5 

0 248 

20 7 




1 095 

2 38 i 

71 5 

0 146 

22 9 




1 010 

1 73 

71 5 

0 104 

23 3 




0 900 

1 16 

71 5 

0 062 

26 2 




0 518 

0 263 

71 5 

0 0107 

34 3 

7-9 


Veronal-acetate 

1 635 








I 170 

2 94 

156 

3 78 

0 50 




0 990 

1 52 

156 

1 85 

0 53 




0 795 : 

0 75 

156 

0 895 

0 54 


1 


0 590 i 

0 332 

156 

0 373 

0 57 




0 512 1 

0 233 

156 

0 273 

0 55 




0 476 

0 196 

156 

0 223 

0 56 




0 395 

0 125 

156 

0 149 

0 54 




0 370 

0 108 

156 

0 125 

0 55 




0 302 

0 069 

156 

0 078 

0 57 

4-13 


Pyrophosphate 

1 280 








0 402 

0 184 

71 5 

3 54 

0 073 




0 290 

0 095 

71 5 

1 76 

0 076 




0 233 

0 0515 

71 5 

1 05 

0 069 




0 163 

0 0238 

71 5 

0 495 

0 067 




0 139 

0 0169 

71 5 

0 344 

0 069 




0 120 

0 0124 

71 5 

0 242 

0 072 




0 093 

0 0073 

71 5 

0 142 

0 072 


g' would become proportionally greater at lower phosphate concentration, 
the slope would be less than 45°, and the log can've would become concave 
towards the abscissa in the higher range of phosphate concentrations 
But a better and more direct way of demonstrating the presence and the 
amount, if there is any, of such an addition product consists in combinmg 
the equihbnum of equation (2) with a second enzymatic equihbnum This 
has been discussed in the foregoing paper If we add isomerase to tnose 
phosphate, equilibrium (16) is established. 
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l^Uort 


7 = 0 042 
at 


(16) 


where g' is the eqmhbnum concentration of glyceraldehyde phosphate and 
di the concentration of dihydroxyacetone phosphate When the total 
added tnose phosphate is t and no other reaction occurs, 

1= g' -\rdt (17) 

In the presence of cozymase and oxidizing enzyme, however, part of the 
glyceraldehyde phosphate is turned into diphosphoglycenc acid, equal to 



Fig 4 Log r plotted against pH 1 6 X 10 “‘m cozymase, 150 X IO^’m phosphate 
0 85 X 10~’ M glyceraldehyde phosphate X, Experiment 12-19, O Experiment 12- 
23 


h, In this case in the presence as well as m the absence of isomerase 

( = g' h di (17, q) 

In the absence of isomerase di and g' are equal to the directly determined 
contents of the two esters, while in its presence they have to be calculated 
from equation (16) 

If part of the added tnose ester formed an addition product a, equation 
(17, b) would hold, 

l=g'-{-h-\ra-\-dt , h) 

We, therefore, determine first for vanous amounts of added tnose phos- 
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phate the values of h -with and without addition of isomerase This is 
followed up by a second senes of expenments with such small additions of 
tnose phosphate that the results with isomerase are exactly matched m 
regal d to h Smce in the absence of isomerase, g — k = g' + a, we can, 
aftei plottmg log r versus log {g — h), read off from the i values of the first 
series the values of + a m the presence of isomerase We can then de- 
termine from equation (17, h) the value of di and see whether (g' d- a)/dt 
is larger than g'/di = Kisom = 0 042 Of course, this ivill be the case if 
o > 0 We shall call {g' d- a)/di the “apparent Kieom ” 

Table IV 

Variation of r with Variation of Cozymasc 
For glyceraldehyde phosphate, p' = 18 X 10“’, D-gl> ceraldehyde (Experiment 2), 
p' = 14 5 X 10“’ All in veronal-acetate, pH 8 


Experiment No 

Total coz> 
mase X 10* 

1 1 

h y 10* 

oX 10* 

I'XIIB 

r found 

X 10* 

r calcu 
lat^* 
X 10* 

12-23 Glyceraldehyde 

2 12 

0 844 

iii 

0 865 

lil 

m 

phosphate 

1 06 

0 558 


0 885 


am 



0 340 


0 905 


0 63 


0 265 

0 196 

0 069 

0 920 


0 64 


0 106 

0 094 

0 012 


Ha 

0 65 


! 



1 



12-7 D-Glyceraldeh>de 


1 14 

0 93 

n 

1 40 

1 40 



0 696 

0 340 


1 42 

1 47 


0 518 

0 384 

0 134 

■n 

1 10 

1 53 


0 259 

0 230 

0 029 

0 83 

1 82 

1 57 


* Calculated on the assumption that one of the found values is correct, and that 
the others may then be determined from the variation in g’ or p' K = r/{g' X pO 


There is undoubtedly some tendency to obtain values of the apparent 
Kieam higher than 0 042 The average of twenty-one diffeient measure- 
ments made under various conditions is 0 051 The individual values are 
scattered fairly widely between 0 039 and 0 076 But the lesults become 
clearer when the foUowmg expenmental findings aie added In the average 
the excess over the theoretical value of Kisam is gieater when p' is 144 X 
10“^ M than when it is 43 X 10“* or 72 X 10“® In the eight expenments 
with 144 X 10“® p', the values are between 0 045 and 0 076 and the average 
IS 0 057 Moreover the values are generally higher for pH 7 than for pH 
8, and for the lowest range of added tnose phosphate, % e under conditions 
m which r is relatively small Then the value for the apparent Ki,om 
hes around 0 06 The fact that a is greatest when r is smallest is confirmed 
by the results obtamed with zymohexase (see Section VII) By the com- 
bination of the two enzymes, isomerase and aldolase, the concentration of 
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g' comes into the Ion er brackets, and the mne best experiments of that senes 
give an ai eragc of 0 059 for the apparent Ki,om 
The results obtained with isomerase are reproduced m Table V This 
enzjTiiewas puiified as desciibed previously by Meyerhof and Beck (13), but 
onlj’’ to the stage of fractional precipitation nath ammomum sulfate Since 
it IS only stable m the presence of dilute ammomum sulfate (about 2 per 

Table V 


Equilibrium of Isomerase and Oxidizing Enzyme 


Expcniaent 

No 

PH 

f-X 10» 

Total triosc 
phosphate 

X 10> 

rX 10* 

Ig-h) Xio>* 

Apparentt 

Aisom 

3-21 

8 2 

43 

2 4 

0 345 


m 

3-22 

8 2 

43 

4 53 

0 864 



3-26 

7 0 

72 

4 53 

0 116 






2 40 

0 0572 

0 108 

0 0405 




1 20 

0 0440 

0 0785 

0 059 

4-12 

8 0 

72 

4 90 

3 46 

0 232 

0 0475 




2 41 

1 68 

0 100 

0 0415 




1 42 

1 07 

0 057 

0 040 




0 644 

0 526 

0 028 

0 043 

4-12 

7 0 

72 

4 98 

0 185 

0 255 

0 051 




2 47 

0 103 

0 135 

0 055 




1 48 

0 065 

0 086 

0 058 

4-13 

6 0 

72 

2»50 

0 0053 

0 104 

0 042 

7-8 

8 0 

144 

3 00 

1 28 

0 136 

0 045 




1 51 

0 688 

0 072 

0 048 




0 73 

0 347 

0 34 

0 046 

7-9 

7 0 

144 

4 60 

0 220 

0 255 

0 056 




2 28 

0 117 

0 138 

0 061 




1 13 

0 064 

0 072 

0 063 

10-4 

8 2 

144 

0 270 

0 160 

0 0166 

0 061 

10-14 

8 0 

144 

0 275 

0 129 

0 021 

0 076 


* 0~h determined from r 
t (<?' + a)Jdi, see Section VI of the text 


cent), this has to be added It was more advantageous to add the oxadiz- 
ing enzyme first and thus establish the equihbnum with the high concentra- 
tion of glyceraldehyde phosphate m about 1 minute or less, and then add 
the isomerase, which causes the value of h to dunimsh m the course of a 
few minutes to a new steady value If the sequence is reversed, this same 
equihbnum-value is reached more slowly, probably because the reaction of 
the oxidizmg enzyme starts m this case vuth a very low concentration of 
glyceraldehyde phosphate 

The activity of the isomerase used was always determmed first by the 
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procedure already described (7) Glyceraldebyde phosphate was oxidized 
b5’' iodine and the rotation of D-3-phosphogIycenc acid determined m the 
presence of molybdate Such amounts of isomerase were added to the 
complete oxidizmg system as caused 95 per cent of the equihbnum amount 
of dihydroxyacetone phosphate to be formed m 2 to 4 mmutes at room 
temperature About 10 to 15 mmutes were allowed in the spectrophoto- 
metnc measurement In Table V only those experiments satisfactory m 
all these respects are reproduced 

- VII Egmhbnum m Presence of Oxidizing Enzyme and Zymohexase 

The same problem can be broached with the system hexose diphosphate 
(or tnose phosphate) + zymohexase (aldolase + isomerase) in addition 
to the oxidizmg enzjme and the other components As was reported pre- 
viously (2) m some instances values for the addition product of the order of 
half of g' (a S 0 5 g') were obtained Such an arrangement, m which 
three distinct enzjmes are needed to estabhsh the equihbnum, is more liable 
to errors than the former one, contaming only two enzymes Evidence as 
to whether the final equilibnum is estabhshed can only be gamed bj^ fol- 
lowmg closely the time course of the absorption until it becomes stead}’’ 
This could not be done unth the older arrangement, but -ii as easy ivith our 
present eqmpment If to hexose diphosphate and the complete oxidizing 
system a purified preparation of zymohexase is added, which may contam 
an excess of aldolase over isomerase, the course of the absorption goes 
through a maximum This is due to the circumstance that at first the 
equilibnum of aldolase prevails 

Hexose diphosphate ^ glyceraldehvde phosphate + dihydroxj acetone (IS) 

phosphate 

The amount of glyceraldebyde phosphate diminishes subsequently as the 
isomerase equihbnum is estabhshed The minimum value after the hump 
of the curve is then taken as the final equihbnum of z}mohexase This 
end-value v as obtamed more easily n hen the oxidizmg enz}me was put m 
first and zymohexase added later This must be explamed, as m the case 
of isomerase, by the low concentration of glyceraldebyde phosphate mth 
which the reaction starts when the zymohexase equihbnum is already es- 
tabhshed 

These experiments are not so easily evaluated as those with isomerase 
alone To find the total tnose phosphate m the equihbnum We formerly 
determmed the alkali-labile P by mcubatmg a similar system vith the same 
amount of z}’mohexase, but mth morgamc phosphate replaced by another 
buffer of the same pH We found now that relatively high concentrations 
of phosphate dimmi sh the amount of tnose phosphate m the equihbnum m 
the same way as do other salts (14) With 75 X 10“^ m phosphate the 
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decrease m the equilibrium value of dihydroxyacetone phosphate was about 
10 per cent, with 150 X 10-=“ m about 25 per cent of the value found mth 
\ eronal buffer This v as deteimined by the Aiiyama method for methyl- 
gl30\al, which we used after 60 minutes of hydrolysis m n HCl at 100°, 
as described in former papeis (15) Therefore, m the final e\periments we 
replaced the determination of alkali-labile P by the determmation of 
meth3 lgl3’-o\al after hvdrol3'-sis This determination is not influenced b3’- 
the phosphate present and can be carried out m the same samples which 


Tablu VI 

Equilibrium o/ Zi/mohcxasc and Oxidizing Enzyme 


Veronal acetate buffer, pH S 


Erncnmenl 

No 

AX w 

Added 

pJjospbalc 1 
ester 

Total 

organic P at 
equitibrmm 

X io> 

Tnosc* 
phosphate at 
equilibrium 

X io> 

r X 10* 

(s -k) 

X 10» 

Apparent 

Alsom 

5-27 

150 

Hexose 

9 0 

2 4 

0 72 

0 082 

0 038 


150 

it 

9 0 

2 4 

0 88 

0 100 


5-29 

ISO 


6 1 

1 9 

0 89 

0 101 

0 053 

0 11 

156 

<< 

7 7 

2 8 

1 05 

0 172 

0 061 


150 

Triosc 

8 0 

2 9 

1 1 05 

0 172 

0 060 

7 25 

150 

Hexose 

7 7 

2 13 

1 13 

0 151 

0 064 


156 

<( 

7 7 

2 13 

0 98 

0 126 



156 

Triose 

7 7 

2 15 

0 97 

0 125 

0 056 


156 

<< 1 

7 7 

2 15 

0 85 

0 116 


11-8 

156 

<< 

0 93 

0 72 

0 33 

0 052 

0 070 


156 

tt 

0 93 

0 72 

0 30 

0 049 


11-15 

75 

(t 

5 0 

Not 

0 263 

0 133 

0 069 





determined 





75 

1 

Hexose 

4 9 

1 46 

0 177 

0 091 

0 063 


* Determined by methylglyoxal analysis or from alkali labile phosphate in a 
separate sample after incubation with zymohetase in absence of inorgamc phosphate 


have served for the absorption measurement and w^hich have been depro- 
temized ivith trichloroacetic acid Methylglyoxal present before hydroly- 
sis must be determined m every sample and subtracted With suitable 
reduction of the amounts of the reagents the Ariyama method gives rehable 
results with 5 7 of methylglyoxal per 10 cc upwards Only a part of the 
experiments could be utihzed for the final calculation In five cases start- 
mg from the side of hexose diphosphate and four from the side of triose 
phosphate, the absorption experiments were made m dupheate ortnpheate, 
and either the amounts of added enz3mes or the sequence of additions 
varied When nearly the same value for r was obtained, the mean 
Was used for calculation When the measurements varied but seemed 
equally rehable, the (g - h) values are enumerated separately m Table VI 
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But suicc only one detennination of methylglyoval (oi alkali-labile P) 
sensed foi the final calculation, thej'- aie combined in the ei^aluation of the 
apparent K.aom These values veie scattered from 0 038 to 0 070 and 
gave an aveiage of 0 059 Since all except the last tuo expeiiments neie 
made m the piesence of 145 X 10“^ m phosphate, they should be compared 
with the eight isomerase experiments inth this same concentration, for 
which the mean Avas 0 057 foi appaient X.som Theie seems to be no 



Fig 5 Time course of e at 340 ni/i in the presence of free glyceraldehv de, 0 4 cc 
of undiluted enzyme at pH 8 (3 0 mg ), 1 03 X 10”^ m cozymase (3 5 co ) Cur\e I, 
1 8 X 10'=' M phosphate. Curve II, 1 8 X lO"’ m, Curve III, 4 2 X 10'* 
M, Curve IV, 24 X arsenate, for comparison Curve V, triosephosphate and 

24 X 10“=' M arsenate, nith 0 4 cc enzjme diluted tuclve times For Curve V the 
maximum absorption is obtained in less than 1 minute, in Curve IV after 25 minutes 
but the end-A’alues are the same 


doubt that m this way the presence of an addition product can be demon- 
strated, although in veiy small amount, equal to one-fourth to one-fifth 
of g' 

VIII Oxidation of Free Glycei aldehyde by Cozymase 

Warburg and Christian have established the fact that free glyceraldehyde 
also reacts A\ith cozymase m the presence of phosphate if about 1000 times 
as much enzjme is u='ed We can confirm this lesult, we needed about 100 
to 200 times as much enzjme as in the foimer case for estabhshment of a 
stable equilibnum Fig 5 shows a curve inth arsenate (Curve IV), 
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which allows the oxidatiou of the total amount of cozymase as m the 
presence of glyceraldehycle phosphate, and some cuives with inorganic 
phosphate (Cunes I, II, III) At pH 8 log 7 plotted agamst log p' gives 
a straight line, proving m piinciple the same lelationship as ivith the estei 
Bat this straight line is flatter than 45° both ivith veronal buffer and vath 
pyrophosphate buffer Indeed both give practically identical results 
(Fig G) 

At pH 8, 30 X 10“® M phosphate gives more than 95 per cent reduction of 
cozjTnasc, and higliei concentiations of phosphate which apparently cause 
100 per cent reduction cannot be used for evaluating the logantbmic cuiwes 



Fig 6 Log r plotted agamst log p' with a constant amount of n glyceraldehyde, 
7 X IQ-’ M O, E\periraent 12-11 with veronal-acetate, pH 8, #, Experiment 1-7 
with pyrophosphate, pH 8, X, Expenment 12 13 with veronal acetate, pH 7 Only 
the points with medium p' concentrations are reproduced (Higher concentrations 
inhibit ) 

That the curves are straight hues with a flattei slope means that for lower 
phosphate concentrations the reduction is relatively greater than with the 
glyceraldehyde ester In repeating the measurements at pH 7 we found 
that the affinity of the cozjrmase for moderate concentrations of phosphate 
is lowered in the same w^ay as was found m Section IV for glyceraldeh3'^de 
phosphate But by mcreasmg the phosphate concentration above 30 X 
10~^ M, the value for r drops again, the more so the higher the phosphate 
concentration Probably the reactivity of the enzyme is impaired That 
m general the reaction ivith glyceraldehyde follows nearly the same pat- 
tern as with its ester does not seem doubtful This can best be demon- 
strated by changing the amount of total cozymase \i’’hile p and gtyceralde- 
hyde remam constant Here equation (9), r = K' holds as m the other 
case This is shown m Table W, Experiment 12-7, m w^hich the added 
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cozymase is changed over a lange of 8 1, oxidized coz 3 Tnase changes 30 1, 
and 1 is constant inthm the accuracy of measuiement (±28 per cent) 
The equilibrium here can be foi-mulated in the same v ay as equation (2) 
But since the affinity of the enz 3 'me is so much less, as is proved by the large 
amounts necessarjq secondar}'^ influences apparently complicate the pic- 
ture more than m the case of gly ceraldehydc phosphate 


DISCUSSION 


The oxidative reaction of fermentation obeys equation (2) so quantita- 
tivelj"^ that the foimation of any laige amount of a dissociable diphospho 
gtyceric aldehyde is precluded If such a compound formed, log p' plotted 
agamst log i with constant buffer concentration would not give a straight 
line, as it does m Fig 1, Cunc I, but a cuive bent conca\el 3 towaids the 
abscissa The curvature would be grealei the larger the lelatue amount 
of the compound, or the smaller the dissociation constant 
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It IS questionable w'hethei the slight bcndmg of the log cuiwc for higher 
concentrations than 0 16 m phosphate should be ascribed to such a combina 
tion Even if it should, this w ould mean that only abo\ e such a concentra- 
tion would an appieciable amount of the compound be fonned The upper 
lunit IS cleaily given by the results w’lth isoraerase and zymohexase, which 
show that m the presence of 0 15 m phosphate not moie than about a quar- 
ter of the 0 001 mole of glj^ceraldehvde phosphate piesent exists in this 
form 

If 25 per cent existed at this phosphate concentration m bound form and 
equation (19) is apphed, then at 3 X lO”’ m the compound a would equal 
0 5 per cent Nevertheless, with such an amount of phosphate at pH 8 
about half of the cozymase piesent (1 5 X 10“^ m) wall still be reduced at 
equihbnum This shows that such equilibnum considerations cannot 
explain the reactivity of glyceraldehyde phosphate m the presence of 
phosphate in our system It is indeed probable that this Ipose addition 
takes place only m the presence of the oxidizing enzyme and cozymase 
and IS not detectable outside of their field of action This argument was 
recently used by Lipmann (5) foi the analogous case of oxidation of pyTunc 
acid m the presence of phosphate to acetyl phosphate In both instances 
the combination wuth phosphate is very much looser than with sulfite 
With 01 m sulfite an appreciable change m the absorption of the aldehyde 
group of glyceraldehy de phosphate at 265 mu can be observed, but no cer 
tarn change can be obseived in the presence of 0 15 ai phosphate 

One may even consider the slight inciease in the total ester in the com 
bmed oxidation and isomerization equihbna to be due not so much to the 
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formation of an addition jnoduct as to a stabilizing effect of the isomeriza- 
tion on the oxidizing leaction But such an interpretation is not very 
probable Of all the components of the reaction, diphosphoglyceric acid 
is the most unstable Its decomposition would mcrease h rathei than de- 
crease it AYe, thcicforc, piefer the explanation that the average shght 
increase m the combined equilibrium over that which is calculated is an 
indication of the addition, but only in the sphere of the oxidizing enz 3 Tne 

The zjmohexasc and isomerase equilibria in themselves show, theiefore, 
no increase of total esterified glyceraldeh 3 '^de m the presence of phosphate, 
a negative result formerly obtained wath Junowicz-Kocholaty (7) One 
argument of this paper, howevei , should be revised It was assumed that 
if such a dissociation equilibrium as equation (19) existed mdependentlj' 
of the oxidative step, JCdua could not be larger than 0 01 to 0 05, since a 
greater constant was incompatible vuth the allegedly maximum -effect of 
a concentration of 0 03 mole of phosphate on the reduction of cozymase 
This maximum docs not exist, the value of ? mci eases appreciablj’' even 
aboi e 0 3 M phosphate at a suitable pH This argument, therefore, is 
fallacious From our values of the apparent If ,8om such a dissociation 
could have If 0 5 or higher 

From the relationship of log r to pH it follows that the equihbnum re- 
action of oxidation should be formulated as follows 

D Glyccraldohjdc 3 phosplmte -f- pliosphate + DPN"'' (20) 

glyceric acid 1,3 diphosphate 4- DPNH -f H+ 

The requirements of the law of mass action for this equilibrium are shoivn 
to be fulfilled for every component of the system m the whole range m- 
vestigated, which extends for the different components from 1 25 to 1 1000 
This is even true for the diphosphoglyceric acid, which was not tested di- 
rectly but taken as equimolecular to dihydrocozymase 

SUMMARY 

1 The mechanism of the oxidative reaction of fermentation was investi- 
gated by means of the absorption of dihydrocozymase at 340 mp, measured 
with a Beckman spectrophotometer Under suitable conditions the reac- 
tion obeys the law of a thermodynamic equilibrium m regard to all partici- 
pants This IS shown for n-glyceraldehyde phosphate, inorganic phosphate, 
coz 3 Tnase, and H"*" ion The apparent deviation which was found pre- 
viously^ (2) in respect to morganic phosphate is due to a secondary influence, 
the change of ionic strength, and can be eliminated by addition of enough 
indifferent buffer The dependence of the equihbnum on the concentra- 
tion of cozymase and on Ch"*" is an additional proof for the validity of the 
equation formulated 

2 If the equihbnum of the oxidative reaction is coupled vath the other 
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enzymatic equilibria of isoraerase and aldolase, it can be shoira, as origmally 
found by Drabkm and Meyerhof (2), that the estabhshed concentration of 
glyceraldehyde phosphate is shghtly higher than the equihbiium of isomer- 
ase requires This small mcrease m the mean concentration, amountmg to 
about 25 per cent, is taken as an mdication that an unstable addition prod- 
uct forms, but appaientl}'- only m the piesence of the oxidizmg enzyme 
and coz 5 'mase 

3 Free gl 5 ’-ceialdeh 3 ’’de behaves smiilarlj’- to the tnose estei Moreover, 
it leacts with arsenate m the same wav as does the latter 
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The admmistr ition of testostci one, an andiogen piesent m the testes of 
bulls (1, 2) and hoiscs (3), oi its piopionatc to hypogonadal men and vari- 
ous animals causes an inci eased cxcietion of the knorni unnaiy andiogens 
(1) The amount and natuie of the mateiial excieted appaiently vaiy 
with the species The lat (4) and dog (5) excrete 0013"^ small amounts of 
biologically actu c androgens, and man (1) lelatively laige amounts Fui- 
thermore, the appaient^ chief substances excreted bj" man aie androsterone 
and its ring isomei, etiocholanol-3(a)-one-17, while that of the gumea pig 
IS isoandrosteronc (1) The administiation of andiostanedione-3,17, 
A^-androstenedione-3 , 17, androstanedioI-3(a) ,17 (q:), (1,7), and dehydioiso- 
androsterone (8) also cause an incieased excretion of the known unnaiy 
androgens On the basis of the above evidence it has been postulated that 
the urinary andiogens are end-products of the metabolism of testosterone 
and that A^-androstenedione-3 , 17, androstanedione, and androstanediol- 
3 (a), 17 (a) maj' be intermediates in this piocess A similar scheme has 
been postulated for the metabolism of dehydroisoandrosterone (8) to 
androsteione It is recognized, however, that these data piovide only 
indirect evidence for such a scheme Theiefore, in order to obtain more 
direct infoimation concerning the sites, modes, and products of metabolism 
of the steroid hormones, in vitro studies on the effect of vaiious tissues on 
the different steroids have been initiated This report is concerned with 
the effect of liver slices from adult male labbits on testosteione 

* This investigation was supported by grants (to C D K ) from the Committee 
for Research m Endocrinology of the National Research Council 

The authors are indebted to Miss Julia Lobotsky for assistance, especially with 
the chromatographic analyses and the colorimetric determinations 

t The data in this paper w ere taken from a thesis presented by L C Clark, Jr , 
to the Graduate School of The University of Rochester in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy, October, 1944 Present address , 
Samuel S Pels Institute for Research in Human Development, Antioch College, 
Yellow Springs, Ohio 

* Unfortunately, all of these studies have been directed toward the isolation o 
the known androgens in urine Exhaustive explorations of the unne, especially t e 
hydroxy non-ketonic fraction, may reveal other compounds (c/ (6)) 
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Procedure 

The testosterone was suspended by homogenization in a 1 1 seram- 
Ringer-phosphate buffer mi\tuie at 1 mg per ml and incubated with 
labbit liver slices foi 2| oi 3 houre At the end of the incubation peiiod 
10 volumes of 95 per cent ethyl alcohol were added, and the precipitated 
piotein vas removed by filtration and exhaustnely e\ti acted vith organic 
solvents The extracts were pooled, concentrated to a sludge, and ex- 
tracted A^uth benzene and ether The phosphohpides were removed and 
the residue dnuded into ketonic and non-ketonic materials by means of 
Girard’s Reagent T These fractions Aveie separated further by fiactional 


Table I 

In Vttro Metabohsm of Testosterone by Rabbit Liver Sltees 


Compound 

Control 

Expcrimfuit 

Experiment 

2 



m 

per 

cent* 

tns 

per 

cent* 

mg 

per 

cent' 

Material added 

Testosterone 

1000 


2000 


1000 


“ isolatedf 

Ketonic steroids 

1093 

109 3 

1720 

86 0 

901 

90 1 


Testosterone 

937 

93 7 

1026 

51 3 

511 

51 1 


«s-Testosterone 



12 

0 6 

12 

1 2 


A*-Androstenedione-3 , 17 



98 

4 9 

85 

8 5 


(m p 201-203“) 
Naturally occurring com 





4 

0 4 


poundst 

Total cholesterol 

244 


586 


520 



Hydrocarbon (?) (m p 60°) 

+ 


7 


4* 



Carotenoid (?) (m p 193 5°) 

3 


3 


+ 



* Per cent of added material 

t No evidence for the presence of androsterone and related steroids 
t No attempt was made to obtain quantitative recoveries In some instances, 
indicated by -f, the substances were recognized by their chemical behavior 

cr 3 ’’stalhzation, chromatographic adsorption, and chemical reagents Two 
experiments and a control expeiiment without the incubation period were 
nm m this manner The amounts of testosterone used for each experiment 
veie 2 00, 1 00, and 1 00 gm respectivelj’' 

Results 

The crude ketonic material obtained in the contiol expeiiment vas 9 3 
per cent greater,* while the same fi action of the incubation experiments 
was 14 and 10 per cent less than the added testosterone (Table I) The 

-Siimlar recoveries have been obtained in several experiments uith cell-free 
h%er preparations vhich did not metabolize testosterone (unpublished) 
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loss of m'ltcinl could not be accounted foi by the pioducts isolated 
from the non-kctonic fi iction oi by the formation of acid-hydrolyzable 
conjugated mafcrnl A fuither loss of mateiials was e\peiienced m 
isolating the puic substances fiom the ketomc fraction 
A*- Vndi ostonedione-3 , 1 7 and c?s-testostei one u ei e the only two metabo- 
lites picsent m sufficient amounts to be isolated and characteiized The 
greatest recover}’’ vas obtained in E\pcument 2, m which 8 5 and 1 2 per 
cent of the added testosteione vas lecoveied as the lespective metabolites 
Undoubtedh , much more of these matenals was foimed than isolated 
since considerable loss ma} lie expected in the necessaiy manipulative 
procedures This fact explains the loner yields in Expeiiment 1, in which 
more manipulations nere necessaiy The products isolated, however, 
suggest that the 17(a)-hj’’drox3d gioup is readily oxidized to a ketone 
group, nhicli m tuin is reduced either only to the 17(j8)-hydroxyl group, 


HO ir O H OH 



JU?) 


Other steroids (?) 

or to both the 17(/3)- and 17(a)-hydroxyl groups (see the accompan 3 ung 
structures) If the latter is the case, then some of the isolated testosterone 
has gone through a process of oxidation and reduction back to its origmal 
form ’ 

It IS of particulai significance that cis-testosteione has not been obtamed 
from natural sources and A’-andiostenedione-3,17 has been isolated only 
from the adrenal cortex, probably as an artifact (9) Several other sub- 
stances were obtained in too small amounts to characterize completely 
A partial characterization, however, was accomplished by the use of various 
color tests (Zimmermann as modified bj'^ Holtorff and Koch (10), Pincus 
(11), and Kagi-Miescher 17-hydroxyl and 17(/3)-hydroxyl (12)), digitonm 
precipitation (Reichstein (13)), and in one mstance by carbon and hydrogen 

^ A<-Aadrostenedione 3,17 is converted to testosterone and «s-testosterone bj 
incubation with rabbit liver slices (unpublished) 
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analyses ■* One of these compounds ^vas of special interest because it had 
the composition C 19 H 28 - 30 O 3 The amount of mateiial iias not sufficient 
to permit fui thei characterization 

The presence of only trace amounts of 3-hydio\y compounds suggests 
that this position in the testosterone molecule either is not attacked 
readily or else the action is so seveie that the products are degraded to 
hitherto unrecognized 01 non-steroid compounds, e g acids The latter 
r\ould provide some explanation of the inability to account for all of the 
added testosterone 

Smce androsterone and its isomeis aie appaiently the chief andiogens 
excieted m the urine of man after the administration of testosterone ( 1 ), 
an exhaustive seal ch was made for these compounds and also the phenohc 
estrogens, but vithout any success This, honevei, docs not disprove 
the hypothesis that testosteione may be a precuisoi of these urinaiy 
steroids, because not only may it be differently metabolized in the rabbit, 
but also othei tissues, e g the kidneys (cf (14)), may be involved The 
formation of the isolated metabolites by bactenal action {cf ( 1 )) has been 
ruled out by the use of sterile conditions m Expeiiment 2 

In the course of the isolation piocedure several othei v ell knovm natuially 
occurring compounds were obtained (Table I) No attempt vas made to 
characterize or isolate these m quantitative amounts 

EXPERIMENTAL 

Melting Points — ^All of the melting pomts were determined v ith Anschutz 
thermometeis on an electrically heated alummum block® placed under a 
microscope Calibiation of the apparatus with standard substances 
indicated that true a alues weie obtamed as read 

Testosterone — ^The matenal® contained a tiace of yellow impurity which 
was lemoved by recrystalhzation from caibon tetrachloride The clean 
white needles, after diying over phosphorus pentoxide, melted at 154 0- 
154 5° and on analysis gave caibon and hydrogen values corresponding to 
those of testosterone As a fuithei check on the puiity of the testosterone, 
150 mg of the recrystalhzed material were submitted to succinoylation 
The tiace amount of oily non-hydioxy residue gave negatn e reactions in 
the Zimmeimann (10), Pmcus (11), and Kagi-Miescher (12) coloi tests 
Incubation Procedure — ^N on-fasted, adult male labbits of mixed breeds 

< The carbon and hydrogen microanalyses 'nere performed by Dr Donald Ket- 
cham, Research Laboratories, Eastman Kodak Company 

® The details of the construction of this apparatus will be described elsei\here 
* The testosterone and other steroids used in this study were generously provided 
by Ciba Pharmaceutical Products, Inc , through the courtesy of Dr E Oppenheimer 
and Dr C R Scholz 
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wolc killed by lilcecling tliiough the jugulai ^em The blood ^\as 
defibnnated and the scium scpaiated 10 ml of the semm neie homo- 
genized n i(h 100 mg of testosteione m an all-glass appaiatus of thePottei- 
Elvehjem type (15) The lesulting suspension Avas diluted with 40 ml 
of serum, then u ith 50 ml of Ringei -phosphate buffei , pH 7 4, and ponied 
into a Fernbach flask which w'as looselj'- stoppered wnth non-absoibent 
cotton In Expeiiment 1, 200 to 300 mg of tissue slices and 3 ml of the 
substiate ini\tuic weie incubated in each of a senes of 50 ml Eilenmeyei 
flasks The Feinbich flask pioved to be moie satisfactory foi large scale 
incubation 

While the blood was being centiifuged, the liver w'as remoAmd, sliced in- 
to sections 0 20to0 25 mm thick, and collected in chilled Ringer-phosphate 
buffei Appioximately 10 gm of these slices were tiansferred to the 
Fernbach flask containing the substrate mixtuie The flask w^as shaken 
at 100 re\ olutions per minute foi 3 hours in E\periment 1 and 2| hours m 
Evpeiimeiit 2 in a w'atci bath maintained at 37 0° The incubation was 
teiminated bj-’ adding 10 volumes of redistilled ethanol to the contents of 
the flask 

Extraction and Gioss Fi actionahon — ^Aftei the alcohol incubation mixtuie 
had stood at loom tempeiature between 20 and 24 houis, the protein 
precipitate w'as removed by filtiation and washed thiee times wnth boilmg 
95 per cent ethanol The moist precipitate wns mixed wath an equal 
volume of purified Hyflo Super-CeF (a diatomaceous earth) and extracted 
into a Soxhlet appaiatus for two 8 houi periods wath ethanol, one 8 hour 
peuod wath acetone, and one 8 houi period wath benzene The Soxhlet 
extracts and the ethanol filtrate W'eie concentiated in vacuo (watei pump) 
at 35° to one-fortieth of the original volume This aqueous concentiate 
was thoroughly extracted Avith ethei and benzene, the extracts weie com- 
bined and distilled in a partial vacuum to give the “total fat-soIuble” 
fraction Further extinction of the aqueous fraction with ethyl acetate 
yielded only a very small additional amount of daik oil fiom which 
nothing could be isolated 

The phosphohpides ivere precipitated from an ether solution of the total 
fat-soluble material by the addition of diy acetone and a few^ drops of a 
saturated solution of magnesium chloiide m ethanol The acetone-soluble 
fraction yielded a biowm-orange oil wdiich ivas sepaiated into ketonic and 
non-ketonic substances with Girard’s Reagent T (16) These gioss 
fractions, ketonic and non-ketonic, were fuither separated and wall be 
considered in detail for each experiment 

’The Hyflo Super-Cel and Celite were generously proinded bj Johns-Manville 
They were extracted with ethanol for 8 hours in a Soxhlet apparatus and dned in an 
electric oven at 100° and then in a mufile furnace at 500 
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Control Experiment 

In this senes of ten e\pei invents the livei slices were placed in the Fern- 
bach flasks, and the substiate mixtuie and then the ethanol nere im- 
mediately added 

Recovery of Testosterone — Repeated reciystalhzation of the ketonic 
fraction from methanol-M ater gave 0 846 gm of a crystalline white pioduct, 
which melted at 153-154° Mixed melting points with test ostei one show ed 
no depression Carbon and hydiogen analyses agreed i\ith the theoretical 
values for testosterone 

The mother liquors from the crystallizations weie combined and con- 
centrated to give a yellow oil, 0 133 gm This oil was dissolved in an- 
hydious carbon tetrachloride and adsorbed on 9 0 gm of magnesium 
sihcate-Cehte’'' ® in a column 25 mm X 50 mm The eluates yielded 
91 mg of testosterone, m p 149-152° Thus, the total amount of crj^stal- 
line testosteione recovered from the ketonic fraction was 0 937 gm or 
93 7 per cent of the amount added to the substrate mixture 

Fractionation of Non-Kctonic Material — ^The non-ketonic residue, 
1 874 gm , w'as hydrolyzed with 10 pei cent potassium hydroxide in metha- 
nol The saponifiable matenal was recovered, but was not studied further 

The unsaponifiable residue (0 519 gm ) was dissolved in anhydrous 
carbon tetrachloride, adsorbed on 20 gm of magnesium silicate-Celite in 
a column 40 mm wide and 60 mm long, and eluted piogressively wuth 
carbon tetrachloride, benzene, ether, methanol, and then respective mix- 
tures until twenty-eight fractions w'ere obtained The absence of 17- 
hydioxy steroids m all of the fractions was indicated by color tests (10, 11) 
Three fractions (Nos 7 to 9) consisted of 244 mg of cholesterol, mp 
146-147° Carbon and hydiogen analyses agreed with the theoretical 
values The acetate melted at 112-114° 

A small amount, about 3 mg , of an orange-colored crystalline material 
melting at 193 5° wms recovered from the last two (strongly adsorbed) 
fractions The substance gave a blue-violet color when dissolved in 
concentrated sulfuric acid The nature of this compound is not knowm 
Similar amounts of apparently identical material were found in the experi- 
ments reported below 

Incubation of Testoslei one, Experiment 1 

A total of 2 gm of testostei one was incubated in twenty-twm experiments 
with liver slices from tw'enty-two rabbits of various strams No special 
asepsis except through cleanliness was emplojmd ^ 

® Dr K Dobnner, Memorial Hospital, New York, kindly provided his unpublished 
method for the use of this adsorbent 
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Bioassav b-\ the i it inethofl used m this Liboiatory (17) indicated the 
ibsence of indiogenic actnity in tlie acetone-insoluble fiaction and a 20 
pel cent loss in total activity in the acetone-soluble fraction 
The ketonic mateiial vas fractionallj’- ciystallized fiom methanol-water 
into se\eral ciislallme fiactions, which weie pooled into two poitions m 
accordance to then melting points, these aie designated as Fiaction A and 
Fraction B and the mother liquors as Fiaction C 
Recovery of Testosterone — Fiaction A ivas repeatedly crystallized from 
dilute methanol to give 0 902 gm of vhite needles, mp 151-152° A 
mixed melting point v ith an authentic sample of testosterone show ed no 
depression The oxime melted at 221-225° and showed no depression 
alien mixed with an authentic sample of testosterone oxime, m p 221-222° 
The benzoate melted at 192-193° and did not depress the melting point 
of testosterone benzoate, m p 193-194° A negative response to both the 
Zirameimann and the Pmeus color tests indicated the absence of 17-keto 
steroids 

Isolation of A^-Androstencdione-3 ,17 — ^Fraction B aas a white powder, 
147 mg , and m p 130-138° It gave a strong violet coloi with the Zim- 
raermann reaction, indicating the piesence of a 17-Leto steioid, w'hich w'as not 
andiosteione or its stereoisomers because it gave a negative Pmeus le- 
action A GO mg aliquot of this material w'as separated into non-hydioxy 
ketonic and lij'^diox}’’ ketonic fiactions by succino 3 dation 
Recrystallization of the non-hydioxy ketonic fraction from ether- 
pentane gave 34 mg of needles w'hich melted at 16G-168 5°, and when 
mixed with an authentic sample of A'*-andiostenedione-3 , 17, m p 169- 170°, 
the mixture melted at 167—169 5° The dioxime melted at 139-142° and 
gave no depression m melting point w'hen mixed wath an authentic sample 
of A''-androstenedione-3 , 17 dioxime, mp 141-143° The 2,4-dinitio- 
phenylhydrazone had a deep red-orange color characteristic of Q:,/3-un- 
saturated ketonic steroids Since 34 mg of A''-androstenedione-3 , 17 w^ere 
isolated from a 60 mg aliquot, a total of 83 4 mg w^as calculated to be 
present m Fraction B 

Hydrolysis of the succinates of the hydroxy ketones by refluxing for 
2 hours ivith methanohe 10 per cent potassium hj'^droxide yielded 25 mg 
of free steroids as a yellow oil Separation into a- and ^-steroids wath 
digitonm gave 5 mg of /3-hydroxy ketones and 19 mg of a-hydroxj'' ketones 
Attempts to isolate pure compounds from these materials w^ere unsuccessful 
Isolation of cis-Testosterone, Additional Testosterone, and A^-Andros- 
tenedione-3 , 17 — ^The mother liquors from the crystallization of the ketonic 
material were concentrated in vacuo to give 177 mg of an oil from which 
ciystalline material could not be obtained bj’’ high vacuum sublimation 
This oil, therefore, was dissolved m 10 ml of carbon tetrachloride, adsorbed 
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on a column of aluminum oxide (Biockmann) 0 5 cm X 30 cm , and 
selectnel}'' eluted with increasing amounts of ethanol in caibon tetra- 
clilonde (18) (Table II) A total of 14 mg of A'’-androstenedione-3 , 17, 
39 mg of testosteione, and 12 5 mg of cis-testosterone was isolated The 
«s-testosterone upon reci 3 'stalhzation melted at 218-221° and did not 
depress the meltmg point of an authentic sample of cis-testosteione It 
gave a bromi coloi^m the Zimmermann reaction, which corresponded in 
intensity (photoelectric colorimeter) to that given by a sample of pure 
cis-testosteione Application of the Kagi-Miescher test for the 17 ()3)- 
hydioxyl gioup gave a deep nolet color mth a strong red fluorescence 
Frachonahon of Non-Kclomc Hydioxy Frachon — ^This fraction, 0 650 
gm was subjected to fractional crj'^stalhzation, molecular distillation, and 
chromatogiaphic analj^sis A total of 0 446 gm of cholesteiol, mp 
145-146 5°, was isolated and identified by its acetate, m p 112-114°, and 


Table II 

Chromatographic Analysts on AhOi of Fraction C of Ketonic Steroids 


Eluate No 

1 

Appearance 

Weight 

Mp 

Compound 

1.2,3 

4 

Oil 

“ and crystals 

m 

16 0 

10 0 

'C 


5, 6, 7 

Wlnte needles 

14 0 

168-170 

A^-Androstenedione- 

3,17 

8, 9, 10 

11 

Leaf-Iike crystals 

Oil 

39 0 

2 0 

143-154 

Testosterone 

12, 13, 14 

16 

White needles 

Oil and crystals 

12 5 

30 0 

218-221 

cis-Testosterone 


bj" mixed meltmg points About 4 mg of a substance giving a strong 
positive test foi the 17(/3)-h}’^dio\yl group was obtamed, it fonned rosette- 
shaped crj’^stals which melted at 152° An additional 4 mg of a compound 
giving a positive 17((3)-hydioxyl test were found which formed cube-shaped 
ciystals melting at 107-110° The amounts of the lattei two substances 
neie too small to permit further purification and characterization No 
17 (a)-hydro\yl compounds were detected 
Other Fractions — A. thorough search of the phospholipide fraction 
(6 624 gm ) gave no evidence for the presence of steroid metabolites and 
showed no androgenic activity in castrated rats (5) 

The non-hydroxy, non-ketomc fraction, 2 680 gm , gave 0 535 gm of 
unsapomfiable material which was subjected to fractional crystallization 
and chromatographic analysis 7 mg of a methanol-insoluble matenal 
melting at 60° were isolated which may be identical with the hydrocarbon 
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frequently isolated from natural sources, particulaily urine Cholesterol, 
1()9 mg and a small amount, 3 mg, of a light red-orange compound, 
m p 1 93-1 13 5°, were isolated The last compound appeared to be identi- 
cal w ith that found in the control experiment 
bTcgative IT-hj'dioxvl color tests were obtained in all of the above 
fractions 


Incuhahon of Tesfoslerone, Experiment 2 

This experiment was conducted under aseptic conditions with sterile 
buffer, instruments, flask, etc , so as to rule out the possibility of metabo- 
lism of the substrate by bactena Samples foi bacteriological tests w'ere 
taken from the incubation mixture just before the alcohol w^as added 
Any culture showing a count of over ten colonies® per 0 1 ml on a blood 
agar plate after 24 hours at 37° was excluded from the senes With the 
exception just noted the incubation procedure was the same as that pie- 
\nously described A total of 1 000 gm of testosterone wrs incubated 
w ith In er slices from eleven rabbits 

The total fat-soluble residue w'eighed 9 197 gm , of which 4 781 gm were 
acetone-soluble Bioassay of the latter on the castrated rat indicated a 
20 per cent loss m activity 

Recovery of Testosterone — The ketonic fraction, 0 901 gm , on fractional 
crystallization from methanol-water mixtures yielded 0 427 gm of 
testosterone, mp 152 5-154 5°, which was further characterized by 
carbon and hydrogen analyses, preparation of the benzoate, m p 192°, 
and mixed melting points 

Fractionation of Remaining Ketonic Residue — The pooled residue, 
0 391 gm , of liquors from the above crystallizations w'^as subjected to 
repeated chromatographic separation on a 1 1 magnesium silicate-Celite 
mixture The various fractions were pooled in accordance to their reaction 
to the Zimmermann, Pincus, and the Kagi-Miescher tests The impuie 
fractions were chromatographed again w ith aluminum oxide 

Isolation of A'^-AndrostenedioneS ,17 — ^By these procedures 85 mg of 
A'-androstenedione-3,17, mp 168-170°, were isolated The substance 
W'hen mixed wnth an authentic sample of A‘'-andi ostenedione-3 , 17 show ed 
no depression in melting point 

Ci.Hj.Oi Calculated, C 79 72, H 9 09, found, C 79 73, H 9 02 

The dioxime melted at 141-144° It did not depress the melting point 
of an authentic sample of A‘'-androstenedione-3 , 17 dioxime 

’ Whenever colonies did appear, they were identified as Staphylococcus albus by 
Dr II Boak, Department of Public Health 
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Isolation of cis-Testosterone — total of 12 mg of as-testosterone, m bich 
melted at 213-215°, was isolated '\^^len the substance was mixed inth 
an authentic sample of cis-testosterone, m p 218-221°, tlie melting point 
was 216-220° The acetate melted at 111-112° and did not depiess the 
meltmg pomt of an authentic sample of cis-testosterone acetate 

Isolation of Othei Unidentified Ketones — K small amount, 0 5 mg , of a 
strongly adsorbed compound uhich ga’ie a strong violet coloi in the 
Zimmeimann leaction vas isolated The needle-shaped ciystals were 
lughly colored undei crossed polaroids m the micioscope, but, m spite of 
then clean appeaiance, melted at 250-269° with decomposition 
An additional strongly adsorbed compound vas isolated m a small 
amount, 4 mg It changed from platelets to needles on the hot stage at 
130-140° and melted at 201-203° A negative 17-hydio\yl test vas 
obtained The carbon and hydrogen values indicated that an oxjgen 
atom had been introduced into the molecule 

CijHibOs Calculated, C 75 2, H 9 15, found, C 74 27, H 9 5G 
CisHaoOs Calculated, C 74 6, H 9 75 

Fiactionation of Non-Ketonic Residue — ^The non-ketonic lesidue, 3 191 
gm , was saponified ivith alcoholic potassium h3'di oxide The unsapom- 
fiable material, which weighed 1 087 gm , vas fiactionated by chiomato- 
graphic analysis on magnesium silicate-Celite mixture A total of 520 mg 
of cholesterol was isolated, m p 145 5-147 5° 

Positive color reactions for a 17-h}’^diox3l compound vere obtamed in 
the latei fractions, but attempts at isolation of ciystalline matenal vere 
unsuccessful 


SUMMARl 

Testosterone is metabolized b 3 '- labbit livei slices to A‘*-andlOstenedlone- 
3,17, cis-testosterone, and to small amounts of othei partially identified 
steroids including a C 19 H 28 - 30 O 3 compound None of the knorni urmaiy 
androgens or estrogens could be found Appioximately 20 pei cent of 
the onginal material could not be accounted for 
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THE METABOLISM OF l-HISTIDINE 
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Shortly after the discovery of histidine, Abderhalden el al (1) attempted 
to ascertain the fate of this ammo acid when admimstered to dogs but 
could demonstrate only an increased excretion of uiea and ammonia How- 
ever, since these imtial experiments were earned out, many investigators 
have presented evidence in support or refutation of the idea that histidme 
may be converted mto vanous other metabohtes An extensive review of 
the subject is not attempted here, but some of the evidence for the possible 
conversion products wall be mentioned bnefly The possibihty that histi- 
dine and argmme were metabohcally interconvertible and played a special 
r61e in punne synthesis was suggested by Ackroyd and Hopkins (2), based 
on the observation that when either of these amino acids w^as restored to a 
deficient diet of young rats groivth w'as lesumed and allantoin excretion 
returned to normal levels The mdispensabihty of histidine as a dietary 
constituent w^as confirmed by Rose and Cox (3), but argmme, however, 
W'as found to be ineffective for growth when substituted for histidme m a 
deficient diet The conversion of histidme mto creatme was suggested bj’’ 
Abdeihalden and Buadze (4) The degradation of histidme to glutamic 
acid w'as proposed by Edlbacher and Kraus (5), w^ho isolated glutamic acid 
after the action of hver histidase upon histidme The biological decar- 
boxylation of histidme to form histamine was mdicated by the inciease m 
the histamine content of guinea pig lungs following the injection of histidme 
(6) Though ergothioneme, carnosme, and anserine are stiucturally 
related to histidme, their metabolic derivation from histidme has not yet 
been demonstrated 

With the exception of a smgle isotope experiment w'hich mdicated that the 
imidazole nng of histidme is not sjmthesized in rats (7), our present knowl- 
edge of the metabohsm of histidme is based largely on the results of balance 
experiments on animals or isolated tissues To obtam further evidence as 
to the metabohe fate of this ammo acid, S5mthetic irhistidme, containmg a 

* Submitted by Charles Tesar in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in the Faculty of Pure Science, Columbia Universitj 

Present address, Brady Urological Institute, Johns Hopkins Hospital, Baltimore 
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high concentration of in the ring nitrogen attached to the 7-carbon 
atom, was fed to rate A numbei of ammo acids and other mtrogenous 
substances weie isolated and the distribution of the isotope in the organs 
and some of their components determmed 

^ EXPERIMENTAL 

Isotopic lustidme was synthesized by the procedure of Ashley and 
Harmgton (8, 9) N*® u as mtroduced mto the imidazole rmg b}”- the con- 

densation of isotopic thiocyanate mth 7-ketooimthme to form 2-thiol- 
histidme, which was subsequently ovidized to L-histidme Since the 7- 
ketoormthme was prepared from naturally occuiring histidine, uithout 
racermzation, the resjmthesized histidine had the same steiic configuiation 

Isotopic Sodium Thiocyanate — ^The piocedure of Schulze (10) for the 
synthesis of thiocyanate uas modified to conseive the isotopic ammoma 
The modified reaction is 3N*H4NOa -f 3CS; -f 2Fe(OH)3 + 6NaOH = 
3NaCN*S -f 2FeS -f S -f SNaNOs + I2H2O, where the sjunbol N* repre- 
sents nitrogen mth a high concentration of To a mixture of 25 cc 
of carbon disulfide and 17 gm of feme hydi oxide in 40 cc of absolute 
methanol, 10 8 gm of ammonium nitrate, contammg 68 4 atom per cent 
excess N*®’ in the ammomum ion, were added and the resultant mixture shaken 
mechamcally in a tightly closed bottle Sodium hydroxide pellets, divided 
roughly m nme portions totaling 10 8 gm , v ere added at 2 hour mtervals 
Aftei being shaken for an additional 24 hours, the mixture m as diluted vith 
water and centrifuged The deposit uas u ashed seveial times bj'’ centrif- 
ugation, the combined supernatants ueie saturated mth hydiogen sulfide, 
filtered, acidified to litmus (not to Congo red), and heated to boihng On 
coohng, the solution was neutrahzed by the addition of dilute sodium 
hydroxide in an amount equivalent to the hydrochloric acid added, and 
evaporated to dryness in vacuo The salts were extracted until several 
portions of absolute ethanol and the extract, contammg the sodium thio- 
cyanate, evaporated on a steam bath The residue u as exti acted unth 100 
cc of absolute ethanol and the extiact evapoiated to diyness 9 80 gm 
(90 per cent of theory) of isotopic sodium thiocyanate were obtained The 
product was 99 per cent pure as assayed colonmetrically against standard- 
ized normal thioc3mnate 

y-Ketoormthine — \\fith nunor modifications of the piocedures of Ashley 
and Harmgton (9), 200 gm of L-histidine monohydrochloride monohydrate 
u ere degraded, m several luns, to 22 gm of 7-ketoornithme dihydrochlonde 
The best over-all yield u as about 25 per cent In this procedure the mu- 
dazole nng of the methjd estei of histidine uas cleaved bj'’ exliaustive 
benzojdation to form methyl-a , 7 , 5-tnbenzaimdo-A'^-pentenoate Benzoy- 
lation by the procedure recommended by Ashlej’- and Harmgton gave sticky 
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products AMth variable yields of 12 to 25 pei cent Better results were 
obtained by a two-phase benzoylation with yields of over 60 per cent 
To an aqueous solution of the methyl ester hydrochloride of histidine and 
excess sodium carbonate, a 3-fold excess of benzoyl chlonde dissolved m 
benzene vas added and the mixture stirred vigorously for 9 hours at 0° 
After filtration, the benzene phase was worked up for the desired product 
Hydrolysis of the methyl-a,'y ,5-tribenzamido-A'^-pentenoate m two steps 
gave 7 -ketoormthme dihydrochloiide This was obtained largely as a 
resm vliich was not purified fuither, for owing to its unstable nature such 
procedures invanably i\ere accompamed by considerable decomposition 
Approximately 3 gm of crystalline product vere obtamed 

CsHioN Oa 2HC1 Calculated, N 12 8, Cl 32 4, found, N 13 2, Cl 32 7 

Isotopic Histidine — By the condensation (9) of 21 0 gm of y-keto- 
ornithine mth 8 0 gni of isotopic sodium thiocyanate, 5 94 gm (32 per 
cent of theory) of 2-thiolhistidine vere obtamed This product was 
oxidized vnth 80 gm of feme sulfate to jneld 2 64 gm (52 per cent of theory) 
of histidme, which was purified as the monohydrochlonde 

CeH.NiO. HCl H 0 

Calculated, N (corrected for isotope content) 20 3, found, N 20 2 
“ 22 8 atom %, found, N“ 22 9 atom % 

[alp = -1-9 69° (2 2% in normal HCl) 

The a-amino mtrogen, liberated as ammonia by mnhydnn (11), contamed 
no significant amount of excess N*® 

Feeding Experiment — Three adult male lats, havmg a total weight of 890 
gm , Avere fed an individual daily ration of 15 gm of a stock diet consisting 
of 68 per cent com-starch, 15 pei cent casern, 5 per cent yeast, 4 pei cent 
salt mxture (12) , ,6 per cent Wesson oil, and 2 per cent cod hver oil After 
a preliminary feeding period of 2 veeks, a supplement of 1 mil of the isotopic 
histidine ivas added to the daily ration of each rat for the experimental 
period of 3 days During this period the rats consumed all of the diet and 
gained less than 2 per cent in iveight The urine and feces Mere collected 
daily At the end of the 3rd day, the rats ivere killed by exsanguination 
and the blood collected m oxalate The bodies iiere segregated in four 
groups, namely skm, livei, other mternal organs, and carcass Thase 
groups Mere processed separately and the isotope concentrations of the 
various components determined (13) 
jExcreto— The daily coUection of unne and feces M^as analyzed for total 
nitrogen and XJnnary ammonia Mas adsorbed on permutit, recovered 
by addition of alkah, and distiUed into acid The urea of an ammonia-free 
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sample was decomposed by mcubation with urease and the ammonia 
liberated analyzed for The results appear m Table I 
The presence of a urmary component havmg a relatively high N'® con- 
centration was indicated by the observation that the total nitrogen had a 


Table I 


Dislnbulton of Isotope tn Excreta 


Day of e-mcnment 

Source of nitrogen 

Na concentration 

Total N 

Total N« 



a/0m per cent excess 

m tq 

m tq 

1st 

Feces 

0.298 

6 31 

0 0188 

2nd 

it 

0 971 

8 78 

0 0852 

3rd 

(t 

1 095 

8 35 

0 0915 

Total 

(0 834)* 

23 44 

0 1955 

Ist 

Whole urine 

1 23 

59 6 


2nd 

tt it 

1 44 

62 2 


3rd 

<t << 

1 62 

59 6 


Total 

(1 43)* 

181 4 

2 594 

1st 

Urea 

1 236 

46 0 


2nd 

<< 

1 39 

46 4 


3rd 

<< 

1 578 

46 4 


Total 

(1 40)* 

138 8 

1 945 

1st 

Ammonia 

0 466 

3 90 

0 0182 

2nd 

(( 

0 663 

5 02 


3rd 

it 

0 752 

5 01 


Total 

(0 640)* 

13 93 

0 0S91 

Combined urine 

Allantoin 

0 130 



{{ it 

a-Amino N 

1 91-3 43 




* The figures in parentheses represent the average N’® concentration of tlic total 


excretory partitions, computed as follows 


Average atom per cent = 


milliequivalents of total 
milhequivalcnts total N 


X 100 


shghtly lugher isotope concentration than that of the urea To obtain 
some information as to the nature of the high isotopic component, the 
imidazole content of the mme and the concentration of the a-anuno 
mtrogcn of the urinary ammo acids were determined Assayed colon- 
metncally, the imidazole content of the combined 3 day unnes, expressed 
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as histidine, iias 22 mg , and was not greater than that observed with 
rats on a normal stock diet After removal of urea by incubation with 
urease, the a-amino mtiogen was liberated as ammoma by the action of 
ninhj’-dnn by an adaptation of the procedures of Van Slyke et al (14) and 
hlacFadj'en (11) The analyses of several deterimnations vaned from 1 91 
to 3 43 atom per cent excess the variations bemg apparently due to 
differences m the alkali concentration employed and to prolongation of the 
aspiration penod for the removal of ammonia This effect was not in- 
vestigated further because of the desire to isolate the punne end-product, 
allantom, from the hmited volume of unne remaimng Allantom was 
isolated by the procedure of Wiechowski (15), m p 235° 

CiHtNiOa Calculated, N 35 4, found, N 35 0 

Blood — The oxalated blood was centrifuged and the protems of the 
plasma nere precipitated mtli 6 per cent tncholoroacetic acid and hydro- 
lyzed in hydrochloric acid Samples of the plasma non-protein fraction 
and protein hydrolysate were digested in concentrated sulfmic acid for 
analysis The cells i\ere washed mth isotonic sahne, hemolyzed by the 
addition of water, and the cell residues deposited by centnfugati on Hemin 
was obtained as an amorphous precipitate by the addition of the hemolysate 
to a solut'on of acetic acid and sodium chlonde (16) After two repiecipita- 
tions, the material was analj^zed for The residual cell hemolysate was 
hydrolyzed in hydrochloric acid, an aliquot removed for total mtrogen 
analysis, and the balance processed for the isolation of histidine as the 
hydrochloride (17) 

CtHsNjOj HCl H.O Calculated, N 20 1, found, N 19 6, N“ 0 504 atom % 

The a-annno mtrogen, libeiated by mnhydnn (11) bad an concentration 

of 0 031 atom per cent excess Since the 5-mtrogen of the mudazole img 
should contam no excess isotope, the concentration of the y-mtrogen was 
computed as (3 X 0 504) — 0 031 = 1 481 atom per cent excess The 
results are given m Table II 

Creatinine — ^Muscle creatme w^as isolated as creatinme picrate fiom an 
alcoholic extract of half of the mmced carcass (18) and purified as creatinme 
zmc chlonde 


(C<H 7 NjO)i ZnCb Calculated, N 23 2, found, N 22 6 

A sample of the creatimne zinc chlonde was refluxed in a 10 per cent solu- 
tion of banum hydroxide for 24 hours and the amidme mtrogen, libei ated 
as ammoma, swept over into dilute acid by a stream of mtrogen gas It 
amounted to 96 per cent of the calculated quantity The isotope content 
of the sarcosme moiety was determmed by removal of the banum mth 
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Table II 


Dtslnbution of Isotopic Nitrogen tn Blood 


Source of nitrogen 

N“ concentration 

Total N 

Total N« 



ohm Per cent excess 

m eq 

fTt eq 

Plasma 

Non-protein N 

0 780 

0 49 



Protein N 

0 612 

10 s 


Erythrocytes 

(C (C 

0 096 

19 6 

0 0183 

- 

Cell residues 

0 051 

21 3 

0 0109 


Hemin 

! 0 012 




Histidine 

0 501 




“ a-N 

0 031 

1 

1 

1 

1 

1 

« 

1 48* 




* Calculated as atom per cent of -y-N = (atom per cent of histidine X 3) — 
atom per cent N*® of a-N 


Table ni 

Distribution of Isotopic Nitrogen in Organ Components 


Source of nitrogen 

Carcass j 

Li\cr 

Internal organs 


ohm per cent excess 

aim per cent excess 

atom per cent excess 

Histidine 

1 264 

4 50 


“ a-N 

0 033 

0 058 


<« 

3 759* 

13 44* 


Glutamic acid 


0 697 


Aspartic “ 


0 574 


Argimne 


0 334 

1 

“ amidine N 


0 651 

1 

“ ormthine N 


0 064 

i 

Tyrosine 


0 103 

1 

Proline 



1 

Creatimne 

0 027 



“ amidine N 




“ sarcosine N 



i 

Adenme 


0 217 

1 0 109t 

Guamne 


0 194 

0 096 

Amide N 

0 060 

0 316 


Total protein N 

0 090 

0 479 

0 110 

Non-protein N 




Trichloroacetic acid extract 

0 220 

0 668 

0 269 

Alcohol extract 


0 296 

0 243 


* See foot-note to Table 11 

I Calculated from the atom per cent of ademne picrate (see the text) 


excess sulfunc acid and digesting the concentrated filtrate The results 
appear in Table III 
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Carcass Non-Proteni and Total Protein N%irogen—T:h& untreated half of 
the nunccd carcass ■\\as extracted with 6 per cent trichloroacetic acid to 
remove the non-protem mtrogen fraction and the residual tissue hydrolyzed 
in hydrochlonc acid Ahquots of the trichloroacetic acid extract and the 
hydrolysate were analyzed for nitrogen content and Tyrosine, histi- 
dme, argimne, prohne, glutamic acid, aspartic acid, and amide nitrogen 
were isolated by the usual methods The anal 3 rtical values appear m 
Table and their N'® concentrations in Table III 
Punncs of Livei and Internal Organs^ — The hver and mtemal organ 
fractions v\ere processed separately for the isolation of ademne and guamne 
The mmced tissue w as extracted with 6 per cent tnchloroacetic acid, washed 
wnth ethanol, and dned Ahquots of the tnchloroacetic acid and ethanol 
extracts were analyzed for N*® The dned tissue was refluxed for 1 hour 
m normal hydrochlonc acid in 50 per cent formic acid, hberatmg the 
readily hydrolyzed punnes After removal of the bulk of the aCids by 


Tabus IV 

Ntlrogen Analyses of Isolated Carcass Components 


Components analyzed 

N calculated 

N found 


per cent 

per cent 

Tyrosine ' 

7 74 

7 71 

Histidine 3,4-diohlorobenzenesulfonate 

6 91 

6 94 

Proline 

12 2 

12 0 

Glutamic acid hydrochlonde 

7 63 

7 41 

Aspartic “ 

10 5 

10 6 

Argimne monohydrochloride 

26 5 

26 4 


vacuum distillation, the purines were precipitated from a hot solution of 
the syrup by the addition of a suspension of cuprous oxide The precipitate 
was dissolved in hot 40 per cent tnchloroacetic acid, boded for 45 minutes, 
the pH adjusted to 5 0 with normal sodium citrate, and the punnes re- 
precipitated by adding cuprous oxide The precipitate was suspended m 
normal hydrochloric acid, copper w'as removed with hydrogen sulfide, and 
the filtrate concenti ated by vacuum distillation Guamne w^as precipitated 
from the concentrated aqueous solution by adjusting the pH to 5 0 and wrs 
recrystalhzed as the sulfate 

CiHtNtO H-SOi 2H.0 

Calculated N 32 1, 

Pound Liver guamne N 32 2, internal organ guanine N 31 0 


^ The procedure for the isolation of punnes was kindly suggested by Dr Samuel 
Graff, College of Physicians and Surgeons, Columbia Umversity, Isew York 
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Adenme picrate was precipitated from the mother liquor by the addition 
of saturated picnc acid Adenine picrate from the liver fraction was dis- 
solved in normal hydrochlonc acid, picnc acid extracted vith ether, and the 
adenme hydrochloride obtamed from the concentrated aqueous solution 
recrystalhzed 

CtHjNe HCl §H,0 Calculated, N 38 8, found, N 36 8 

Because very httle adenme picrate was obtamed from the mtemal organ 
fraction, it was analyzed directly after reduction mth phosphorus and 
hydnodic acid 


CtHjNt CtHjNjO? H.O Calculated, N 30 8, found, N 31 2, 0 068 atom % 

The concentration of the adenme was computed as 0 068 X 8/5 = 
0 109 atom per cent excess 

Soluble copper was precipitated from the hydrolysates of the hver and 
mtemal organ fractions wnth hydrogen sulfide, and the filtrates hydrolyzed 
m 20 per cent hydrochlonc acid Ahquots w'ere taken for the deteimma- 
tion of total mtrogen and N** The results appear m Table III 
hiver "Amino Acids — From the liver hydrolysate, amide mtrogen and 
several ammo acids were isolated by similar piocedures used for the carcass 
constituents The analytical values appear m Table V and the isotope 
concentrations are given m Table III The low value of the mtrogen 
analysis of glutamic acid was attiibuted to the presence of sodium chlonde 
mtroduced durmg a prehmmarj'- isoelectnc precipitation from hydrochloric 
acid solution by the addition of sodium hydroxide The amount of 
glutanuc acid remaining was too small for further purification If, as w^e 
beheve, the low mtrogen value results from contammation by sodium 
chloride, the N'® values wall not be m error, for no mtrogen-contammg 
unpunty is mfolved 

Skin — ^The rat skins w'ere hydrolyzed m hydrochlonc acid and a sample 
taken for total nitrogen and N*® analysis (Table VII) 

Histidine Content of Liver and Carcass — In a separate experiment, the 
histidme content of liver and carcass of rats on a stock diet w^as determmed 
by the isotope dilution method (19) The combined hvers of tluree adult 
rats and a smgle carcass were mmced separately, extracted wath 6 per cent 
tnchloroacetic acid, and hydrolyzed for 24 hours m 20 per cent hydro- 
chlonc acid Isotopic histidine, contaimng 22 9 atom per cent excess 
(for all 3 N atoms), w^as added to each solution before hydrolysis, 0 0374 
TTiM to the hver fraction and 0 163 mM to the carcass fraction Ahquots of 
each hydrolysate W'ere taken for total protem mtrogen, yieldmg 60 7 
milheqmvalents for hver and 284 milheqmvalents for carcass hydrolysate 
Excess hydrochlonc acid was removed by vacuum distillation, and a 
solution of the syrup made alkahne with banum hydroxide Insoluble 
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Immin was filtered ofT and abquots analyzed for mtrogen content and 
Amide nitrogen of the bydroly'sate, evolved as ammonia, was 
aspirated into dilute acid by a stream of nitiogen gas for 12 boms and vas 
analyzed for nitrogen content and N*“ Banum was removed from the 
hydrol 3 ’^sate vath suKuiic acid, and histidine nas precipitated ivith alcohobc 
mercuric chloride (17) and punfied as the dichlorobenzenesulfonate 


(CeH,0 SCI,): CtH.NjO 
Calculated N 6 91 

Found Liver N 6 79, 0 788 atom %, carcass N 6 82, 0 940 atom % 

The amount of histidine in each hydrolysate was computed fiom the 
concentration and amount of the isotopic histidine added, and the con- 
centration of the isolated histidine in hver ((22 9/0 788) — 1) X 0 0374 = 
1 05 mM, and in carcass ((22 9/0 940) -- 1) X 0 163 = 3 80 mM The 
percentage of histidine nitrogen m the total protein nitrogen was (1 05 X 


Table V 

Nitrogen Analyses of Isolated Liver Components 


Components analyzed | 

N calculated 

N found 


per cent 

per c nl 

Tyrosine 

7 74 

7 71 

Histidine 3,4-dichlorobenzcnesulfonatc ' 

6 91 

6 97 

Glutamic acid hydrochloride 

7 63 

6 49 

Aspartic “ 

10 6 

10 3 

Arginine monohydrochloride 

26 5 

26 0 


3 X 100)/60 7 = 5 2 per cent for hver and (3 80 X 3 X 100) /284 = 40 
per cent for carcass 

Appreciable amounts of veie found m the humin and amide mtrogen 
fractions of each hydiolysate 

Liver humm 3 67 m eq N X 0 020 atom % =7 34 X 10-^ ra eq N” 

“ amide N 2 87 “ “ X 0 014 " % “ =4 02 X 10-‘ » '' 

Carcass humm 5 07 “ “ X 0 011 “ % “ =5 58 X 10 ' 

amide N 6 11 “ “ X 0 006 “ % “ =3 67 X 10-< “ “ 


The N15 in these fractions was derived from the added isotopic histidine 
and mdicates a degradation or adsorption of histidine The quantity and 
percentage of the isotopic histidine supplement, corresponding to the 
found in each fraction, ivas computed from the data above 


Liver humm 
“ amide N 
Carcass humm 
“ amide N 


(7 34 X 10-*)/(0 229 X 3) = 10 7 X 10-< mv histidine (2 9%) 
(4 02 X 10-q/(0 229 X 3) = 5 85 X lO"* “ “ (1 6%) 

(5 58 X 10-M/(0 229 X 3) = S 12 X 10"^ “ " (0 5%) 

(3 67 X 10~^)/(0 229 X 3) = 5 34 X I0“‘ “ “ (0 4%) 
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The total quantity of isotopic histidine lost in these fractions was 16 6 X 
10“^ mM (4 4 per cent) in hver hydrolysate and 13 5 X lO*^ mM (0 8 per 
cent) in carcass hydrolysate 


DISCUSSION 

Recovery of Isotope — During the feeding penod the rats consumed 9 mM 
of isotopic histidme containing 68 4 atom per cent excess N“ m the 7 - 
mtrogen, or a total of 6 15 milhequn^alents of Only 82 per cent of the 
isotope was accounted for in the fi actions analyzed (Table VI) In the 
preparation of the tissue fractions, the gastrointestinal contents were 
washed out and discarded mthout determimng the content Smce the 
diet of the preceding day contained 33 per cent of the administered isotope, 
this fraction may account for part or all of the missing 18 per cent The 
feces gave a negative diazo test for histidine and contained only 3 per cent 

Table VI 


Dtslnbuiton of Isotopic Nitrogen in Excreta and Animal Body 
The diet contained a total of 6 15 milhequivalents of N’* 


Source of nitrogen i 

N>* m fraction 

Amount recovered 


m cq 

per cent 

Feces 

0 20 

3 

Urine 

2 59 

42 

Non-protem N 

0 32 

1 5 

Total protein N 

1 98 

32 

Total recovered 

5 09 

1 82 


of the total indicating that the admimstered histidine was well ab- 
sorbed 

Uniiary Ammoma and Urea — In all cases in which amino acids containing 
excess in the a-amino group have been fed to animals in this laboratory 
(20-23), the isotope concentration of urinary ammoma was found to be 
consistently higher than that of urea On the other hand, in this eiqieii- 
ment the concentration of the unnary ammoma was less than half of 
that of the urea (Table I) This difference in the relative isotope concen- 
trations of unnary components may be attnbuted to either the formation 
of unnary ammoma from a-aimno acids or a specific utilization of degraded 
imidazole mtrogen for the synthesis of uiea The formation of urinary 
ammonia from the deamination of a-amino acids by kidney deaminases 
offers a ready explanation for the highei isotope concentration found in 
ammonia in those experiments in which the excess was located in the 
a-amino group of the ammo acid fed Although the mtrogen from moder- 



C TESAK AND D lUTTENBERG 


45 


ateljf large amounts of histidme administered in balance experiments is 
excreted large!}" as uiea (I), the existmg theories for the synthesis of urea 
do not lend support to a h 5 "pothesis foi a specific conversion of imidazole 
nitrogen to urea Uiea might conceivably be pi oduced by a direct cleavage 
of the imidazole nng oi thiough the intermediate formation of citiulhne, 
by a splitting of the nng between the 7 -carbon and the adjacent nitrogen 
Citrulline may form uiea either by way of the arginine cycle of Krebs and 
Henseleit (24) 01 by degradation to glutamic acid as pi oposed by Bach (25) 
If the conversion of isotopic imidazole mtiogen to uiea proceeded directly 
through citrulline and argmme, a relatively high concentration of 
•would be expected in hver argmme However, this ■was not observed 
Glutamine formed from the degradation of histidme by the action of livei 
histidase (26) ma}" play a special role m the pioduction of urea (27) and 
unnaiy ammonia (28) Hovevei, glutamine formed by this mechamsm 
from isotopic histidme v ould contain no excess N*®, for only the normal a- 
and 6 -nitrogens of histidine are letained in the conversion, and consequently 
the urea or ammoma subsequently produced would also lack excess 

Urinary Degradation Pioduct of Histidine — The piesence of a component 
in tlie unne of relatively high isotope concentration vas indicated by the 
observation that the N'® concentration of the average total mtrogen (1 43 
atom per cent) 'was sigmficantly higher than that of uiea (1 40) and am- 
monia (0 64) (Table I), u hich together made up 84 pei cent of the unnary 
nitrogen This component was not due to contamination of the uime with 
the dietaiy isotopic histidme supplement, for the mine contained only 
traces of spilled food The imidazole content, assayed as 22 mg of histi- 
dme, even if it contained the high concentration of admimsteied 
histidine, u ould influence only shghtly the N*® concentration of the total 
mtrogen 

The concentiation of the a-amino mtrogen liberated from the unne by 
the action of mnliydrin ranged fiom 1 91 to 3 43 atom per cent excess 
The most probable source of the unnary amino acids is the plasma, and the 
concentration of the amino acids by the plasma may be expected to be 
higher than that found m the tissue proteins Howevei, it would be 
stribng indeed if the average value, as represented by the results ob- 
tamed for the urinary amino acids, ivere almost 5 times that determined 
for the most metabohcally active ammo acid of the hver, namely glutamic 
acid Moth an concentration of 0 697 atom per cent excess It is not 
improbable that a degradation product of histidme, in which the imidazole 
nng had been ruptured and the 7 -nitrogen subject to cleavage by mnhydnn 
or alkali, ■was excreted in the unne and thereby contnbuted its high 
content to the a-ammo mtrogen determmation A unnarj" degradation 
product of histidme is suggested b}" the observation of Eaton and Doty (29), 
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that following the administration of moderately large amounts of histidine 
to a dog a considerable amount of an imidentified non-imidazole substance 
was found in the unne In rats after the mjection of histidine there was an 
increase m the ammo mtiogen of the unne which exceeded the increase of 
imidazole mtrogen (30) In the action of hver histidase on histidine, an 
intermediate product was obtained which was unstable to alkah, the amount 
of ammoma hbeiated being dependent upon the alkah concentration (5) 
Such degradation products in the unne may possibly account for the high 
values obtamed 

Isotope Distnbuhon of Otgan Proteins — The concentration of in the 
various organ proteins (Table VII) was not uniform and may depend on (a) 
the concentration of N*® m the reactive substances m the eniuronmental 


Table VII 

Dislnbulton of Isotope tn Tissue Proteins 


Tissue proteins 

! 

concentration 

1 Total N 

1 Total 

Fraetjoo oS 
total in 
proteins 

Erythrocytes 

Cell residues 

Hemoglobin 

Plasma 

Liver 

Internal organs 

Carcass 

Skm 

a/am ptr cent 
excess 

' 0 051 

0 096 

0 612 

0 479 

0 110 

0 090 

0 089 

m tg 

21 3 

19 6 

10 S 
[ 50 9 

72 3 
1057 

1 689 

H 

H 

per cent 

1 

1 

1 

3 

12 

4 

48 

31 

Total N‘® in tissue proteins 

1 979 

100 


plasma, (5) the concentiation of exchangeable components in the organ 
piotems and environmental plasma, and (c) the leJative chemical actiiaty 
01 late of protein turnover In contrast mth the plasma pioteins, ivhich 
had the highest concentration of of all the tissues investigated, the 
piotems of the erythrocsdes displayed a relativelj’’ low value, winch leflects 
the slow rate of synthesis of the red blood cell The N'® concentration of 
the hver proteins was over 5 t mes that found in carcass and skin and may 
be attributed both to its great metabolic activit 3 '- and to its favorable 
location for reaction mth dietary histidine absorbed from the intestine by 
way of the poi tal vein Although the proteins of the carcass and skin had 
the lowest conccntiations, these oigans, because they contain the bulk 
of the body piotems, contained 80 per cent of the total N*® in the animal 
The pooled internal organs were a mixture of several kmds of tissues, which 
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differ m function and composition, and the concentration obtained was 
an average figure and docs not indicate the lelative activity of the separate 
organs ■\^^len other isotopic amino acids, as L-leucine (20) or L-prohne 
(23), 'wci'e fed to rats, the N*® concentration of seveial of the internal organs, 
notably the intestinal wall and Icidney, differed httle from that obtained for 
liver The low value obtained heie for the mixture of internal organs may 
indicate a very slow rate of exchange m some of the other internal organs 

Replacement of Organ Hisitdtne—The high concentrations of isolated 
histidine (Table III) are referable to the imidazole nitrogen, for the 
concentration of the a-amino nitrogen was very low Since the imidazole 
group IS not sjmthesized in the animal (7), the isotope of the imidazole 
group of tissue histidine was derived directly from the dietary supplement 
and the must be, therefore, solely m the y-nitrogen In addition to the 
1 mM of isotopic histidine supplement, the daily ration of each rat con- 
tained 2 250 gm of casein mth a histidine content of 3 0 per cent (31), or 

0 435 mM of histidine, and 760 mg of yeast with a histidine content of 

1 03 per cent (32), or 0 050 niM of histidine, makmg a total of 1 48 nuf 
Smce the y-mtrogen of the histidine supplement had a N’® concentration 
of 68 4 atom per cent excess, the concentration of the y-mtrogen m the 
total dietary histidine was 68 4 X 1 00/1 48 = 46 2 atom per cent excess 
N'® The percentage of histidme replaced in the tissues can be computed 
from this figure and the concentration of the y-mtrogen of the isolated 
histidme In hver, 13 4/46 2 X 100 = 29 per cent of the total histidine 
was replaced by dietary lustidme in 3 days In a similar manner, it was 
computed that at least 8 per cent of carcass and 3 per cent of erythrocyte 
histidme had been replaced When dietary L-leucine was fed, 24 per cent 
of hver leucme and 7 per cent of carcass leucine were replaced withm the 
same experimental period (20) The close agreement of the turnover rate 
of histidme and leucine m the proteins of the hver and caicass may indicate 
that the regeneration of these proteins occuis by a process m which the 
entire molecule is synthesized from anuno acids rather than by replacement 
of ammo acid residues one at a tune The replacement rate discussed above 
IS in accord ivith the finding that half of the total nitrogen of hver proteins is 
replaced by the nitrogen of the diet and other proteins in 7 da 5 '’s (22) 
Shemm and Rittenberg have lecently measured the hfe span of the red 
blood cell m the human and found it to be about 127 days (33) The 
replacement rate found here for hemoglobin histidine mdicates that about 
1 per cent of the hemoglobm is sjmthesized per day m the red blood cell of 
the rat and is in agreement ivith their value 

The absolute amount of histidme replaced m the hver can be computed from 
the results of the determination for the percentage of histidme mtrogen in 
total hvei protein nitrogen obtained by the isotope dilution method (see 
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“Experimental”) It is the product of one-third of the concentiation of 
histidme nitrogen, the total hver protein mtrogen (Table VII), and the 
concentration of replaced histidme § X 0 052 X 50 9 X 0 29 = 0 256 
mM The amount of N** in the leplaced histidme is computed as 0 256 X 
0 464 = 0 119 milheqmvalent, and its percentage of the total of the 
livei (Table VII) is 0 119 X 100/0 244 = 49 pei cent By a similar com- 
putation, it can be shown that 117 milliequivalents of histidme had been 
replaced m the caicass tissue and contained 57 pei cent of total N*® (Table 
VII) The balance of the isotope was distnbuted among all the other 
constituents of the respective organs The replaced histidine of the hver 
and caicass was equivalent to 2 and 9 per cent, lespectively, of the total 
histidme of the diet 

A Cutenon for Possible Conveiston Products — Measurable amounts of 
were found in every component isolated from the tissues (Tables II and 
III), indicating a non-specific utihzation of the y-nitrogen of lustidme fol- 
lowing its metabohc degradation The relative concentrations of the 
ammo acids (Table III) other than histidme are not unlike those observed 
after feeding isotopic ammonium citrate (16, 18, 34) or other ammo acids 
(20-23) Since the imidazole mti ogen of histidme is not subject to nitrogen 

exchanges, the occurrence of N“ m all the other components must be due 
either to the direct conversion of histidme or to synthetic procedures and 
nitrogen exchanges subsequent to the liberation of the N'® from the imida- 
zole rmg Such nitiogen exchanges are supported by the mechamsms of " 
transammation of Braunstem and Kritzmann (35) and the deamination 
and reammation systems of Knoop and Oesterhn (36) and von Euler ct al 
(37) Metabohtes of which histidme is an immediate precuisor may be 
expected to contain a high concentration pionded that (a) the 
remains attached to the carbon chain m the conversion, (6) the metabolite 
IS not subject to lapid nitrogen exchanges, producmg a marked dilution of 
the isotope, and (c) the conversion is sufficiently rapid for the concen- 
tration to leach leyels higher than that observed following the administra- 
tion of isotopic substances which aie not specific precursors 

In the utihzation of in tracer experiments there is no basic mtrogen 
fraction representative of a common “nitrogen pool,” having a uniform 
isotope concentiation similar to that of “body watei” m experiments m 
which deutenum is employed as a marker In each oi gan, howevei , certain 
fractions, such as total piotem mtrogen and non-protem mtrogen, nhose 
N*® concentrations are an average of all the components they contain, may 
be selected as a basis for compansion of the relative concentrations of 
possible conversion products Thus, it ma}'^ be possible to indicate the 
direct conversion of histidme mto other compounds, if it can be demon- 
strated that the relative N'® concentration of the component under con- 
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sideration, \\hcn coni])arcd to such average nitiogen pools, is consistently 
greater than that obtained by feeding isotopic substances which are not 
immediate precui sors In Table ^ III, in addition to the concentiations 
of the total pioteiii nitiogen and non-protein nitrogen, the values for amide 
nitrogen and urea are also employed as comparative bases Amide nitiogen 
is an ammonia type of moiety vath an active turnovei late, and urea, since 
it is produced m relatn ely laigc amounts m the hver fiom ammonia, can be 
taken as a favoiable basis foi hver components vath the exception of 
arginme In Table "STII a senes of latios of the concentrations of 

glutamic acid of the hver is compaicd vath similar latios obtained fiom 
other expeiiments in vhich the isotopic dietary supplement was not con- 
sidered an immediate precui sor of the glutamic acid In each column, 
the ratios obtained m the compaiable expenments are similai to that in the 
histidine experiment From this evidence histidine cannot be considered a 
specific precursoi foi glutamic acid, foi the contiibuted to this com- 

Table VIII 


Ratio of Isotope Concentration in Glutamic Acid to Selected Nitrogen Fractions 


1 

Labeled compound fed I 

Glutamic acid 

Glutamic acid 

Glutamic acid 

Glutamic acid 

Total protein N 

Non protein N 

Urea 

Amide N 

L Histidine 

1 45 

1 04 

0 50 

2 20 

L-Leucine (20) 

1 99 

1 49 

0 76 

2 38 

Ammonium citrate (10) 

2 09 

1 39 


2 09 


pound by histidme is certamly not gi eater than that obseived when other 
isotopic aimno acids are administered 
The degradation of lustidine to glutamic acid by the action of hver 
enz 3 nnes, accoiding to Edlbacher and Neber (26), may occur bj two 
hypothetical mechanisms In the main loute of the hypothesis, the 
imidazole nng is luptured by hvei lustidase, followed by the loss of the 
7 -nitrogen In such a mechamsm the glutamic acid formed would contain 
no In the alternative loute, a smallei piopoition of the histidine is 
first deammated to urocanic acid in v hich the imidazole iing is subsequently 
cleaved by urocanase to yield glutamic acid, the 7 -nitrogen of histidine 
being retained as the a-amino nitrogen of glutamic acid Hon ever, ovang 
to the rapid turnover rate of the a-amino nitiogen of glutamic acid, it is 
doubtful whether the glutamic acid formed by such a conversion would 
retain a sufficiently high concentration to establish its deiivation fiom 
histidine This new is con&med by the biological conversion of prohne, 
synthesized inth both deutenum and N’®, into glutamic acid (23) 
conversion was demonstrated by the high deutenum content of the isolated 
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glutamic acid, but the concentration of the glutamic acid with respect 
to that of aspartic acid was not gi eater than the ratio obtained after feeding 
isotopic leucine (20) Apparently, if the were not lost in the imtial 
conveision of piohne into glutamic ac d, then the concentration was 
decidedly reduced by the rapid nitrogen exchanges of the a-amino group of 
the glutamic acid foi-med Glutamic acid, synthesized by transamination 
mechanisms from a-ketoglutaiic acid available as an intermediate in 
carbohydrate metabohsm, would also contribute to the dilution of N'® 
of the conversion product From these considerations, the findings of this 
experiment do not exclude the mechanism proposed by Edlbacher To test 
such a mechanism, histidine synthesized vnth the carbon isotope ivould be 
requiied The metabohc conversion of ornithine into glutamic acid has 
been demonstrated mth deuterium as a label (38) 

Although histidine might conceivably be degraded to aspartic acid, the 
same comparative ratios of the concentrations as calculated for glutamic 
acid do not lend support to such a hypothesis The same holds for argimne , 

the relative isotope concentrations are not sufficiently Ingh to indicate any 
specific contribution of isotope from lustidme The relatively Ingher 
value of the amidine nitrogen is attnbuted to the participation of argimne 
in the synthesis of urea In expeiimente of longer duration, the amidine 
nitrogen of argimne and urea had approximately equal N*® concentrations 
(22) The utihzation of ornithine (39) and proline (23) for the synthesis of 
argimne in the rat has been demonstrated by means of deuterium as a 
tracer 

Both tyrosine and prohne undergo compaiatively slow mtrogen exchanges 
or syntheses as indicated by their low isotope concentrations Histidme 
does not contribute N*® directly to the formation of these components, for 
the ratios of then concentiations vath respect to basic nitrogen fractions 
are not greater than that observed ivhen other isotopic amino acids or 
ammonia was admmistered 

The low N*® concentration of creatimne, and its ratio \nth respect to the 
N*® concentrations of total protein mtrogen and non-protem mtrogen of 
caicass, compaied to similar ratios obtained after feeding isotopic am- 
monium citiate do not indicate any direct conversion of histidine mtrogen 
into creatine 

AUantom (Table I) , the metabohc end-product of purines in the rat, has 
an N'® concentration intei mediate between those of the purines of the hver 
and of the other internal organs lespecUve^y (Table III) and may be taken 
as lepresentat ve of the 'sotope values of total body purines Barnes and 
Schoenheimer (34) found that following the feeding of isotopic ammomum 
citrate to rats the N^® concentration of allantoin was approximately equal 
to that of the tissue punnes The ratio of the N‘® concentration of allan- 
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torn, Rith respect to that of urea, is not gieatei than that obtained mth 
isotopic ammonium citrate It can be concluded that the imidazole ring 
of histidine is not utilized foi the ducct synthesis of puimes to any extent 

Hcviin — The Ion value of obtained for hemm is in agreement inth 
the low values of isotopic nitrogen found in hemin after feedmg isotopic 
ammonium citiatc (16), prohne (23), or leueme (20) and gives no indication 
that histidine plays a special r61c m its synthesis 

Hnnnn and Amide Formation — In the determination of the histidine con- 
tent of rat livei and carcass by the isotope dilution method, humin and 
amide nitrogen, obtained from the hj^drolysates to which isotopic histidine 
had been added before h 3 ’’drolysis, ivere found to contain m appieciable 
amounts On lefluxing histidine in concentrated hydrochloric acid in the 
presence of caibohydrate about 2 per cent of the histidine nitiogen w'as 
found in humin (40) and w^as attributed to adsorption rather than to 
modification of the histidine molecule (41) On the other hand, the 
presence of in the amide mti ogen fraction must be due to decomposition 
Under the vigorous conditions of acid hydrolysis employed here, it is evident 
that the imidazole group of histidine w'as slowdy disrupted 

SUMMARY 

1 L-Histidme w'as synthesized wath a high concentration of N*® in the 
7 -mtrogen of the imidazole rmg 

2 The isotopic histidme w'as added to the stock diet of three adult rats 
for 3 days and ivas well absoibed Only 3 per cent of the N*® w^as excreted 
in the feces, 42 per cent in the urme, and the majoi part of the balance 
incorporated in the tissue proteins The highest concentrations of 
w^ere found in the blood plasma and hvei proteins, while that m the muscle, 
skm, mternal organ, and erythroc 3 de proteins w’as relatively low 

3 The isotope concentration of urinary ammoma, wath respect to that of 
urea, was lower than that observed in experiments m which the was 
situated m the a-amino mtrogen of the dietary ammo acid This dis- 
similarity in the distribution of the N*® is attributed to the r61e of a-ammo 
nitrogen in the formation of urinary ammoma 

4 A relatively high concentration was obtained m the determination 
of the a-ammo mtrogen of urinary aroino acids and may possibly indicate 
the presence of a degradation product of histidme 

5 During the 3 day experimental period, the mmunal amount of histi- 
dme replaced m liver was 29 per cent, m carcass 8 per cent, and m erythro- 
cytes 3 per cent Of the total N“ present m the respective organs, 49 per 
cent of the liver N^® and 67 per cent of the carcass N*® were present m the 
replaced histidme The replaced histidme of the liver and carcass was 2 
and 9 per cent, respectively, of the total histidme consumed m the diet 
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6 From the relative concentrations of the isotope m the components 
isolated, it was apparent that the imidazole nitrogen was not selectively 
utilized upon rupture of the iing, but was redistributed in a manner similar 
to that of the nitiogen of ammonium salts or amino acids, which are not 
specific piecursois Theie is no evidence that histidine is a precursoi of 
glutamic acid, arginine, cieatme, or purmes 

7 The concentration of histidine niti ogen in the total protein nitrogen of 
the whole oigan of the rat, as determined bj' the isotope dilution method, is 
6 2 per cent for liver proteins and 4 0 per cent for carcass piotems 

8 Evidence for the partial decomposition of histidine, duiing acid 
hj'diolysis of noimal piotems to which isotopic histidine has been added, is 
presented by the finding of in the amide nitiogen fraction 
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THE EFFECT OF INSULIN UPON THE SYNTHESIS OF 
GLYCOGEN BY RAT DIAPHRAGM IN VITRO 

WILLIAM C STADIE and JOHN A ZAPP, Jr 

{From the John Herr Mnsscr Dcparlmcnt of Research Medicine, University 
of Pennsylvania, Philadelphia) 

(Received for publication, May 24, 1947) 

Numerous experiments hat e been repoited in an attempt to demonstrate 
an effect of insulin upon metabolic leactions of isolated tissue in vitro 
Among these the effect of insulin in mcieasmg the synthesis of glycogen 
from glucose by rat diaphragm, first reported by Gemmill (I), is in some 
respects unique, first, because the expeiimental technique of the demon- 
stration IS extremely simple, and second, because of the relative constancy 
of the results obtained For these reasons, the studies of Gemmill were 
extended by a survey of the influence of various factors upon the reaction 
These experiments form the substance of this paper 
Methods — ^Yliite rats weie used and were fasted 24 hours unless other- 
ivise indicated Following decapitation the diaphragms were removed 
inth minimum trauma as follows The abdomen is opened and the dia- 
phragm exposed A small nick is made in the central fibious portion, 
whereupon the diaphragm balloons out With a small ins scissors each 
hemidiaphragm is removed, being handled at the edges only with a small 
forceps With care, the dissection on the right side around the great 
vessels is easily made without bleedmg Without preliminary washing, the 
hemidiaphragm is suspended upon a hook and weighed on the torsion 
balance and then placed directly into the medium contained m a comcal 
respirator of the Warburg type 

Buffer — ^Unless othenvise stated this was sodium phosphate 0 040 m, 
MgCb 0 005 M, NaCl 0 080 M, glucose 0 2 per cent, pH 6 8 (by glass 
electrode), final volume 3 ml 

The respirators were attached to Warburg manometers, gassed wuth 
100 per cent of oxygen, and equilibrated usually for 2 hours at 38 The 
respiratory period was terminated by the addition of acid, and the herni- 
diaphiagm removed and analyzed for glycogen by a method essentially 

that of Good, Kramer, and Somogyi (2) 

Oxygen and CO 3 exchange were calculated m the usual way Lactic 
acid was determined by the Barkei-Summerson method (3) 

The insulm used was an amorphous zinc-free preparation supplied by 

Ell Lilly and Company (assay, 22 units per mg ) 

Method of Recording Data— Fov convenience of comparison with oxygen 
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done at either of these concentrations The lowei limit at which an insuhii 
effect can be demonstrated is approximately 0 001 to 0 003 unit per ml 
Effect of Insuhn upon Glycogen Synthesis at Varying pH — ^This uas 
studied by varying the initial pH of the phosphate-saline medium (Fig 4) 

\Nsuun trrt-CT oh 
QLfCOSieN SlUTHCSlS 
MicROMOLts Per 

ZO- 

10 - 

0 - 

10 6 J0+ IO-» 10° 

Insulin .Units pcrCC 

Fig 3 Insuhn effect on glycogen synthesis in vitro by rat diaphragms at varying 
insulin concentrations The circle indicates the mean value of many single deter 
minations 



Changc op pH'*' 



Fig 4 Fig 5 


Fig 4 Insuhn effect on glycogen synthesis in vitro by rat diaphragms at varying 
pH 

Fig 5 Hat diaphragms in glucose-phosphate-sahne medium, the change of pH 
of the medium in 2 hours as a function of the initial pH 

Between pH 6 3 and 7 6 the insulin effect on glycogen synthesis is essentially 
the same However, the pH had considerable effect upon the metabolism 
in other respects For example (Fig 5), when the change of pH iras 
measured at the end of the 2 hour equilibration period, there was found a 
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linear lehtion between initial pll and change of pH The greatei the 
initial pH, the gieatei was the decrease of pH At approximately pH 6 8, 
the pH change was piactically zeio, at lowei initial pH values, there was 
an increase lathei than a decrease of pH These changes weie found to be 
directl}" con elated vith foimation of lactic acid, which accounted for 
the gieatei pait of the acid changes Since it vas best in balance studies 
to a\ Old increases of lactic acid, the pH value of 6 8 was selected for most 
of the voik reported heie 

Effect of Vaiialwn of Phosphate Concent] ahon — The sodium phosphate 
concentiation of the medium v as \ aiied fiom 0 to 0 140 m The pH (glass 
electrode) v as maintained constant at 6 8 and the osmolai concentration 
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30-1 30 H 



0-1 1 1 — 0-1 1 1 — 
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OxYGiCN UPTAKt 
Micromolcs Pcr 
GjM Pcr 2Hrs 



Phosphatl in Medium mM/l 


Fig 6 Fig 7 

Fig 6 Glycogen synthesis in vitro, with and without insulin, rat diaphragms 
as a function of the phosphate concentration of the medium 

Fig 7 Oxygen uptakP of lat diaphragms in glucose saline medium at varying 
concentrations of phosphate 


at 0 300 M by the addition of NaCl The glucose concentration was 
0 3 per cent In the complete absence of added phosphate m the medium 
(Fig 6) theie is no significant diminution of the spontaneous glycogen 
synthesis, noi is the effect of insulin lessened Up to 0 050 m, phosphate 
has no significant effect either upon spontaneous gl^'^cogen sjmthesis oi 
the effect of insulin theieon At higher concentrations glycogen sjmthesis 
IS someivhat depiessed 

There is, hoivevei, a definite effect of raci easing phosphate concentration 
upon the oxygen uptake (Fig 7) wluch is almost doubled at the high 
phosphate It is to be noted that insulin, although sigmficantlj" increasing 
glycogen synthesis, has no effect upon the oxj^gen uptake This was the 
uniform experience throughout a wnde xariety of conditions and is in 
complete conformity mth the findings of Gemnnll (1) 
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Effect of Ina easing Pota^s^iiim Concentration upon Glycogen Synthesis — 
Hastings (4) has discussed the significance of the inti acellular ionic enviion- 
ment to enz>Tnic activity of tissues tn uifio Since the intracellular cation 
IS chiefly potassium, he sought to pi event undue losses of intracellulai 
potassium fiom livei slices by using a suspending medium containing 
potassium lathei than sodium He found under these circumstances 
that glycogen sjmthesis from glucose vas significant!} greater than when 
the slices were suspended m a sodium medium In view of this it w as of 
inteiest to study the effect of i aiiation in the relative piopoi tions of sodium 


tlNRCt^lYCOIVCN 
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Fig 8 Glj cogen synthesis tn vitro, with and without insulin, by rat diaphragms 
as a function of increasing potassium concentration in tlie medium 

Fig 9 Glj cogen synthesis tn vitro, with and without insulin, by rat diaphragms 
as a function of inci easing magnesium concentration in the medium 


and potassium m the suspending medium of the diaphiagms during the 
stmthesis of glycogen The results of such experiments are showm m Fig 8 
It was found that the syiithesis of glycogen w ithout added insulm w as 
uninfluenced bj mci easing the potassium up to 75 per cent of the total 
cations At 100 pei cent potassium glycogen SAuithesis was quite low 
In the presence of insulin the lesults are striking The maximum msulm 
effect was olitamed in the complete absence of potassium AVith an 
increasing propoition of potassium theie w^as a linear decrease of the effect 
of insulin and at about 75 per cent potassium the insulin effect was com- 
pletely abolished It is obnous that ionic effects on metabolic leactions 
tn vitro cannot be explained by any simple geneialization It is w'orth 
while noting, however, that the two different effects of potassium under 
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consideration weie obtained undei quite different conditions Rat dia- 
phragms are essentially m the intact state, whereas livei slices have laige 
areas of cut suifaces Permeability relations may readily be quite different 
and hence the two lesults obtained are not necessarily comparable 
Effect of Vart/inq Magnesium Concenti ation — The effect upon the spon- 
taneous glycogen synthesis and the insulin action (Fig 9) is approximately 
the same In the absence of added magnesium the values tend to be low ei 
than in the lange 0 005 to 0 010 m At higher concentiation (0 040 m) 
glj cogen sjTithesis wathout and with insulin is maikedl}’' reduced In- 
creasing concentrations of magnesium depiess the oxygen uptake (Fig 10) 


OxYi^cH Uptakc 
Micromolls Pcr. 

(Z Hrs) riHALQLVCOqEN 



Pig 10 Oxygen uptake of rat diaphragms in glucose saline medium at varying 
concentrations of magnesium 

Pig 11 Glycogen synthesis in vilro, with and without insulin, by rat diaphragms 
as a function of time of equilibration 

Here again it is seen that insulin has no effect upon the total oxygen uptake* 
despite its maiked action upon glycogen sjoithesis 

Time Curve of Glycogen Synthesis — Pairs of hemidiaphragms were 
equilibrated without and with insulin for periods of time varymg from 
15 minutes to 4 hours (Fig 11) Without insulin, glycogen synthesis 
reached a maximum in approximately 1 hour With insulin, synthesis 
was more rapid, but leveled off at about 2 hours at approximatelj" twice 
the value without insulin The reason why glycogen does not go to still 
higher levels in the presence of insulin is a matter of interesting speculation 
Diminution of metabolic activity in vitro cannot explain this, since the 
oxygen uptake of diaphragm m vitro continues unabated for periods up to 
6 hours Nor IS it easy to assume that a high glycogen level by some mecha- 
nism prevents further synthesis, for it wall be shown subsequent y t at 
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EjSecf of Inciea'img Poiassnim Concentrahoii upon Glycogen Synthesis — 
Hastings (4) has discussed the significance of the mtiacellulai ionic environ- 
ment to enzymic activity of tissues in viho Since the intracellular cation 
IS chie% potassium, he sought to pieient undue losses of intracellular 
potassium from hvei slices by using a suspending' medium containing 
potassium lathei than sodium He found under these circumstances 
that glycogen sjmthesis from glucose was significantly gi eater than when 
the slices weie suspended m a sodium medium In vieu of this it uas of 
interest to study the effect of vaiiation m the relative piopoitions of sodium 
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Fig S Glj cogen synthesis tn vitro, with and without insulin, by rat diaphragms 
as a function of increasing potassium concentration in the medium 

Fig 9 Glycogen synthesis in vitro, with and without insulin, by rat diaphragms 
as a function of increasing magnesium concentrition in the medium 


and potassium in the suspending medium of the diaphragms duimg the 
samthesis of glycogen The results of such expenments are shovm in Fig 8 
It was found that the SYUithesis of glycogen u ithout added insulin was 
uninfluenced by incieising the potassium up to 75 per cent of the total 
cations At 100 pei cent potassium glycogen synthesis was quite low" 
Iji the presence of insulin the lesults are sti iking The maximum insulin 
effect was obtained in the complete absence of potassium With an 
increising proportion of potassium, there was a linear decrease of the effect 
of insulin and at ibout 75 pei cent potassium the insulin effect w'as com- 
pletely abolished It is obiious that ionic effects on metabolic leactions 
in vitro cannot be explained by any simple generalization It is w’orth 
while noting, however, that the two different effects of potassium under 
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consideration weic obtained under quite different conditions Rat dia- 
phragms are essentially m the intact state, whereas liver slices have large 
areas of cut sui faces Permeability relations may readily be quite different 
and hence the two i esults obtained are not necessarily comparable 
Effect of Varying Magnesium Concenti alion~T\i& effect upon the spon- 
taneous glycogen synthesis and the insulin action (Fig 9) is approximately 
the same In the absence of added magnesium the values tend to be lower 
than in the range 0 005 to 0 010 m At higher concentration (0 040 ii) 
glycogen s^mthesls without and with insulin is maikedly i educed In- 
creasing concentrations of magnesium depiess the oxygen uptake (Fig 10) 


OxY<^eN Uptakc 
Micromous Pcr. 

(z HRS) riKALt^lYCOe^EN 



Pig 10 Oxygen uptake of rat diaphragms in glucose-sahne medium at varying 
concentrations of magnesium 

Fig 11 Glycogen synthesis in vilro, with and without insulin, by rat diaphragms 
as a function of time of equilibration 

Here again it is seen that insulin has no effect upon the total oxygen uptakcj 
despite its marked action upon glycogen synthesis 

Time Curve of Glycogen Synffeesis— Pairs of hemidiaphragms were 
equilibrated vithout and with insulin for periods of time varymg from 
15 minutes to 4 hours (Fig 11) Without insulin, glycogen synthesis 
leached a maximum in approximately 1 hour With insulin, synthesis 
Was more rapid, but leveled off at about 2 hours at appi oximately twice 
the value without insulin The reason why glycogen does not go to still 
higher levels in the presence of insulin is a matter of interesting speculation 
Diminution of metabolic activity in vitro cannot explain this, since the 
O'^ygen uptake of diaphragm in vitro continues unabated for periods up to 
6 hours Nor is it easy to assume that a high glycogen level bj’’ some mecha- 
nism prevents further S3mthesis, for it wiU be showm subsequently that 
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under certain conditions gtycogen sjmthesis by diaphragms tn vitro can 
achieve levels of glycogen almost double the maximum value of 38 
micromoles per gm attained in this experiment Diminution of glucose 
concentration in the medium by leason of gl 3 mogen formation is insignificant 
and IS, theiefore, not a factor in the decrease of glycogen synthesis 

The data show that for most puiposes an equilibration period of 2 houm 
IS sufficient for maximum insulin effect 

Insithn Effect m Diaphragms Containing High Initial Glycogen — ^The 
experiments hitheito described were earned out on fasted normal rats 
In consequence the initial glj’-cogen of the diaphiagm i\as quite low (mean 


Table I 

Glycogen Synthesis in Vitro hy Diaphragms from Rats 4 Honrs after Feeding Glucose 

by Gavage 


Rat No 

Insulia 

Orjeen 

uptake 

0-1 hr 

s Q 

Glycogen 

Initial 

Final 

Increase 


1 units per tnl 

mcromoJes 

1 per gm 

■9 

micromoles 
Per gm 

micromoles 
per gm 

micromoles 
per gm 

II 

0 

69 


51 5 

68 9 

7 4 

IV 

0 

64 

■■ 

41 8 

44 6 

2 8 

Mean 


56 

0 91 

46 6 

51 8 

6 1 

I 

■91 

49 

0 94 

42 5 

50 2 

7 7 

III 


65 

0 81 

42 3 

55 3 

13 0 

V 


53 


31 8 

46 9 

15 1 

VI 

■EH 


0 83 

50 3 

85 2 

34 9 

VII 

0 005 



50 8 

62 7 

11 9 

Mean 


52 

0 88 

43 5 

60 0 1 

16 5 


* 2 hours 


about 5 micromoles per gm ) In the presence of 0 3 per cent glucose, the 
glycogen mcreased m 2 hours to a mean value of 20 micromoles pei gm , 
while with glucose + msuhn, the mean glycogen value vas about 40 
micromoles pei gm It was of interest to determine vhether or not an 
imtial high lalue of glj^cogen would limit the fuither synthesis mthout 
msnhn or the effect of insulm m promoting extra glycogen formation 
Rats i\ere fed glucose by gavage 4 hours later hemidiaphragms vere 
equihbrated m 03 per cent glucose with or without insulin, the other 
hemidiaphragm bemg used to determine the imtial glycogen value The 
results are given in Table I 

The followmg pomts are to be noted (1) The mitial glycogen was 































W C STADID AND J A ZAPP, JR 


63 


some^^hat highci than the final glycogen observed in the case of fasted 
rats (44 micromoles per gm = 0 78 per cent) (2) In the absence of 
insulin there ms a relatively small mciease of glycogen mthm 1 hom 
(3) The effect of insulin in bringing about an mciease of glycogen was 
unimpaiied by the initial liigh gtycogen and was approximately that ob- 
served 111 the case of fasting lats with initial low glycogen (mean 18 5 
micromoles = 0 34 per cent) , and the final glycogen concentration was 
quite high (60 micromoles per gm = 1 1 per cent) (4) The average 
R Q (0 88) IS significantly higher than that observed in fasted rats 

DISCUSSION 

It IS obvious that the stimulating effect of msuhn in vitro upon the 
synthesis of gl^mogen by rat diaphragm does not localize to any considerable 
degree the precise site of action of the hormone The effect could be readily 
explained by the recent experiments of Price, Con, and Colowick (5) who, 
usmg tissue extracts, show^ed that insulin lemoves the existing inhibition 
of antenor pituitary hormone on the hexokmase reaction by w'hich glucose 
IS pliosphorylated to glucose-G-phosphate In tlus connection, the study 
of the glycogen S3’Tithesis in hypophysectomized lats and rats mjected 
with anterior pitiutarj'’ extiact would be most mstiuctive to determine 
whether the findings would bo consistent with the interpretation of the 
work of Price el al For if the action of insulin is solely to lelease the 
inhibitory action of antenor pituitary extract on the hexokmase reaction, 
no effect of insulin in vilro should be found when diaphiagms fiom hypophy- 
sectomized rats aie used and its action should be influenced by antecedent 
injection of anterior pituitarj'’ extract 

Several questions are raised which remam unanswered (1) Why does 
the potassium ion have such a sti iking effect in decreasing the stimulating 
action of msuhn m mcreasing glycogen synthesis? (2) Why does the 
diaphragm from a glucose-fed rat under the influence of insulin double 
its pieexisting high level of glycogen in contrast to the diaphragm from a 
fasted rat, which stops synthesis at a much lower level despite apparently 
unimpaned metabolic activity? 

The 1 elation between the glucose concentration of the medium and the 
effect of msuhn on glycogen synthesis is important m a consideration of 
theories of insulin action It is a conceivable hypothesis that insulin may 
have catalytic effects upon metabolic reaction involving glucose at relatii ety 
low concentrations of glucose, but that at highei concentrations of glucose 
insulin is dispensable, i e , reactions leading eithei to storage or oxidation 
wnuld proceed independently of msuhn This is equivalent to saying 
that msulm has no specific function in carbohydrate metabolism Ap- 
parently Hecter, Levine, and Soskin (6) advocated this hypothesis on t 
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basis of their experiments, among which are data on glycogen synthesis 
wnth lat diaphragms They found that the s3mthesis of glj'cogen by rat 
diaphragm m vitro increased as the concentration of glucose was raised 
from 01 to 0 4 per cent However, the effect of added insulin, which 
they found marked at the lower concentiation of glucose, practically 
vanished at 0 4 per cent, indicating the dispensability of insulin at the high 
glucose concentration Our expeiiments in twn series of rats gave the 

Table II 


Glycogen Synthesis and Organic Phosphate tn Rat Diaphragms Equilibrated 
with Glucose with or without Insulin 


Rat No 

Glucost in 
medium 

Insulin in 
medium 

Oxygen 

uptake 

Final 
organic P 

A organic 

P 

Glucose 
utilization ^ 
glycogen 
synthesis 

A glucose 
utilization 


per cent 


mtcromoles 
per tm 

mtcromolee 
per gm 

mxcTcmoUs 
Per gm 

micromoUs 
per gm 

mxcromoles 
per gm 

311 

0 1 

0 

102 

17 8 






+ 

94 

19 3 

-1 5 


17 5 

312 

0 1 

0 

208 

27 7 


24 3 




+ 

186 

15 4 

-12 3 

40 8 

16 5 



0 

169 

18 3 


23 2 




*1" 

164 

17 0 

-1 3 

42 8 

19 6 

313 

0 1 

0 

132 

21 1 


16 2 




+ 

124 

19 7 

-1 4 

32 4 

16 2 

316 

0 3 

0 

151 

33 4 


33 1 




+ 

152 

50 2 

4-16 8 


29 9 


0 5 

0 

157 

36 9 






+ 

137 

43 4 

4-6 5 

83 0 

22 6 

317 

0 3 

0 

97 

17 4 


15 8 




+ 

98 

18 2 

4-0 8 


36 6 


0 5 

0 

98 

14 9 






+ 

91 

12 9 

-2 0 


0 1 

Mean 









* Standard error of the mean 


opposite results Rather than an elimination of the msuhn effect, there 
was found a steaddy increasing effect roughly pi oportional to the glucose 
concentration through the range 0 1 to 1 0 per cent These results give 
no support to the above concept of insulin action 

Our expenments are in accord with those of Gemmill (1) on the strilung 
lack of effect of msuhn upon either the oxj’-gen uptake or the r q In this 
connection it was obser\ed m eight pairs of hemidiaphiagms (Table II) 
that (1) msulm caused an extra sjmthesis of glycogen from glucose of about 
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20 miciomoles pci gra (2) the final organic phosphorus of the diaphragm 
was essentiallj' the same wath or without insulin, and (3) in the mean, 
there was no significant change of organic phosphorus during the period 
of glycogen sjmthcsis It is currently believed that glycogen synthesis 
requires a prchminaiy phosphorylation of glucose (hexokinase reaction) 
by adenosine triphosphate, and that adenosine triphosphate is only re- 
generated by oxidative reactions This experiment show's that the extra 
adenosine triphosphate required for the extra synthesis of glycogen cannot 
come from tliat initially present in the diaphragm but must be synthesized 
by reaction directly or indirectly accelerated by insulm How this extra 
actn ity can be achieved wathout some reflection in the total oxygen uptake 
or the R Q remains unexplained 


SUMMARX 

1 The effect of insulin upon glycogen synthesis from glucose by lat 
diaphragm in viUo W'as studied wath particular reference to the influence 
of 1 ariation of the followang factors (a) glucose, insulin, phosphate, and 
magnesium concentrations in the medium, (5) pH of the medium, (c) initial 
le\ el of glycogen in the diaphragm 

2 The time curve of glycogen synthesis by diaphragms and the effect 
of insulm upon organic phosphate Avere also studied 

3 The relation of the findings to theories of insulin action is discussed, 
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* Since the diaphragm was needed for analysis of organic phosphate, the decrease 
of glucose in the medium i\ as determined as a measure of glycogen synthesis Con- 
trol experiments show ed this to be a sufficient approximation 




THE EFFECT OF FLUOROACETATE ON ENZYMES AND ON 
TISSUE METABOLISM ITS USE FOR THE STUDY OF THE 
OXIDATHTi] PATmVAY OF PYRUVATE METABOLISM* 

GRANT R BARTLETT, and E S GUZMAN BARRONf 
{From the Chemical Diiision, Department of Medicine, University of Chicago, Chicago) 

(Received for publication, February 1, 1947) 

Among the orgamc halogen compounds, those contammg fluorme occupy 
a umque position regardmg their chemical and physiological properties 
Because of the large heat of formation of the C-F bond (114 kilocalones 
(1)), the addition of fluorme to the carbon atom brmgs forth, m most cases, 
a greater stabihty, especially among ahphatic compounds This chemical 
stabihty is usually accompamed by lack of physiological action Fluoro- 
acetate is a stnkmg evception to the physiologic mertia of fluorme ahphatic 
compounds, long ago it was found toxic to certain invertebrates, it was 
patented m 1927 (2) as a preservative agamst moths, and is now used as a 
rodenticide (3) This high toxicity of fluoroacetate compared with the non- 

toxicity of other orgamc ahphatic fluonne compounds is indeed of greater 
mterest because the chenucal stabihty is still mamtamed 
We present m this paper some of the results of work done m 1944 on the 
-mechanism of action of fluoroacetate on enzymes and on the metabohsm of 
animal tissues The chemical stabdity of the fluonne of fluoroacetate and 
the lack of inhibition of the activity of isolated enzymes were in stnkmg 
contrast to its powerful inhibition of acetate oxidation m ammal tissues 
Advantage has been taken of this inhibition to study the oxidative pathway 
of pyruvate metabolism 


EXPEEIMENTAL 

The sodium fluoroacetate used m these experiments was prepared by 
hydrolysis of methyl fluoroacetate which was kindly provided by Professor 
M S Kharasch of the Department of Chemistry The fluorme content of 
different samples varied from 0 1 to 1 per cent 
Most of the enzymes used to test the effect of fluoroacetate were prepared 
according to the methods summarized in Table I Tyramme oxidase, cho- 
Ime oxidase, n-prohne oxidase, and hydroxyacetic oxidase were the enzymes 
contained in suspensions of water-washed ground hver Activity measure- 

* The i\ ork described in this paper was done under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago 
t With the techmeal assistance of Ruth Ahrens 
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Tabij: I 

Preparalton of Enzyme Used for Testing Fluoroacetate Effects 


Enzyme 

Keacting substances 

Substance determined 

! Method 

Bibio 

graphic 

reference 

No 

Cytochrome 

oxidase 

Reduced cyto- 
chrome C -p 
cytochrome 
oxidase 

Cytochrome c 
oxidation 

' Spectrophoto- j 
metric 

(4) 

Sucemoxidase 

Succinate + cy- 
tochrome c -p 
cytochrome 
oxidase 

Oj uptake 

Manometne 

(5) 

Uncase 

Unc acid 

it it 

it 

* 

n-Amino acid 
oxidase 

n-Alamnc -b 

flavoprotein 

1 (< <i 

ti 

(6) 

Lactic dehydro- 
genase 

Lactate -b DPN 

DPN reduction 

Spectrophoto- 

metne 

(7) 

Malic dehydro- 

Malate -b DPN 

« ti 


(8) 

genase 





Yeast alcohol 
dehydrogenase 

Ethyl alcohol 
-b DPN 

it a 


(9) 

Catalase 

HjOj 

H.O 

Titration 

(10) 

Yeast carboxyl- 

Pyruvate 

CO 2 output 

Manometne 

(11) 

asc 





Transaminase 

a-Ketoglutarate 
-b alamne 

Glutamate for- 
mation 


(12) 

Enolase 

S-Phosphoglyc- 
erate i 

Phosphopyru- 

vate 

Spectrophoto- 

metne 

(13) 

Xanthine oxi 
dase 

Xanthine -b fla- | 
X oprotein 

Oj uptake 

Manometne 

(14) 

a-Ketoglutarate 

«-Ketoglutarate 

it it 

it 

(15) 

oxndase 





Isocitnc dehy- 
drogenase 

Isocitnc acid -b 
TPN -b fiavo- 
protem -b 

methylene blue 

a << 

i 

1 

a 

(16) 

Glucose dehy- 
drogenase 

Glucose -b DPN 
-b cytochrome 
c -b cytochrome 
oxidase 

ft ti I 

i 

1 

t 

(17) 

1 

1 

Guamlic acid 

Guanylic acid 

NHa formation 

Titration 

(18) 

deaminase 


i 



Acid phospha 
tase 

0 Glycerophos 
phate 

H,PO« “ 

Spectrophoto- 

metne 

(19) 


DPN, diphosphopyridme nucleotide, TPN, tnphosphopyridme nucleotide 
* Altman, K , and Barron, E S G , unpublished experiments 
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ments ^^e^c made manomotiically Serum cholinesterase was prepared by 
Dr Kunitr and kindly provided by him Activity measurements were 
made manometncall}’’ 

The cliemical determinations weie made according to the folloiving meth- 
ods acetate, and other satuiated fatty acids, according to Friedemann (20) 
and to Caselh and Ciaranfi (21) In most cases, acetate was afterwards 
identified by the lanthanum color test of Kruger and Tsehneh (22) The 
follouangproceduiesiiercemplo3’'ed p3Taivate and a-ketoglutarate accord- 
mg to Friedemann and Haugen (23), g’utamate according to Cohen (24), 
lactate according to IMillei and Muntz (25), and glucose according to So- 
mog3n (26) Acetoacetate and a-hydro\ybutyrate were determined accord- 
ing to Edson (27), Nils by a modification of the diffusion technique of 
Conway (28), and the carbohydrate formed bj’' kidney slices from acetic 
acid according to Ljmian and Barron (29) Acetylated sulfamlamide and 
p-aimnobenzoic acid wcie detei mined according to Bratton and Marshall 
(30) and inorganic pliospliate accoiding to Gomon (31) 

Stability of Fhioroacetatc — Fluoroacetate, like other ahphatic fluorme 
compounds, is quite stable and the halogen unreactive No appreciable 
amounts of fluorine are hydrol3''zed fiom aqueous solutions of sodium fluoro- 
acetate for a period of seveial days The difference of reactivity of the 
halogen acetates can lie demonstiated Ity measuring the rate of reaction of 
halogen acids vith cysteine 

RCH-COOH + HS— Cir CH(NH-)COOII S-CH CH(NH.)COOH -f RH 

CH COOH 

This can be followed manometrically m the presence of bicarbonate buffei 
ivith Ni-COj as the gas phase The comparative rates of leaction of chloro-, 
bromo-, lodo-, and fluoroacetate mth cysteine were measuied at 28° and 
38° At 38° it was difficult to separate the rates of leaction of bromo- and 
lodoacetate ivith cysteine, half reaction occurring in both in less than 3 
minutes, with chloroacetate half reaction took place in 50 minutes, fluoro- 
acetate did not react at all At 23°, half reaction of C3mteine mth lodo- 
acetate took place in 4 minutes, with biomoacetate in 6 2 minutes, with 
chloroacetate in 125 minutes, fluoioacetate did not leact at all There is 
a certain relationship between the rates of reaction and the bond-energy 
Values of the C-halogen bonds as well as the electronegative imlues of the 
halogens The same lack of reaction of fluoroacetate ivith sulfhydryl 
■compounds (it did not react with glutatluone and 2,3-dithiopiopanol) was 
also observed with ammo acids and peptides With argimne, senne, 
histidine, tyrosine, piohne, aspaiagme, glutamic acid, p-aimnobenzoic 
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acid, lysme, tryptophan, glycylglycme, and alamne, fluoroacetate did not 
react at pH 7 4 m 24 hours 

Effect of Fluoroacetate on Isolated Enzymes — ^The effect of fluoioacetate 
on three enzymes sensitive to the action of fluoiide nas tested, namely 
guanylic acid deammase, acid phosphatase, and enolase Theie was no 
effect from 0 01 m fluoroacetate on any of them ' At a concentration of 
0 01 M, fluoroacetate had no effect on the activity of the follovnng enzjone 
systems, all of them tested at their optimum activity cjdochrome oxidase, 
succmoxidase, chohne oxidase, uncase, n-ammo acid oxidase, lactate oxi- 
dase, malate oxidase, isocitnc oxidase, a-ketoglutarate oxidase, alcohol 
oxidase, yeast carboxjdase, acet 3 dchoImesterase, n-prolme oxidase, catalase, 
transammase, tjTanune oxidase, hj''drox 3 mcetic oxidase, glucose oxidase, 
and xanthme oxidase The oxidation of pyruvate b 5 ’’ ground, washed 
pigeon hver suspensions was 18 per cent inhibited 

Inhibition of Acetate Oxidation by Fluoroacetate — ^The lack of action of 
fluoroacetate towards the enzjone sj^stems mentioned above was in marked 
contrast with the inhibition of respiration of tissue slices Sodium fluoro- 
acetate (0 001 M to 0 01 ji) produced appreciable inhibition on the O 2 
uptake It must be pomted out that the respiration of gmnea pig bram, 
which oxidizes acetate, v as inhibited by 53 per cent, while that of rabbit, 
which does not oxidize acetate, nas inhibited only by 11 per cent This 
discrepancy between enzyme unreactmtj’’ and tissue respiration inhibition 
left one possibihty to be tested, namely, that fluoroacetate might act as an 
inhibitor for the oxidation of acetate This hypothesis ivas tested in ex- 
penments in vitro by addition of 0 005 m fluoroacetate to tissue slices 15 
nunutes before the addition of acetate and m ei^eriments in vivo when 
fluoroacetate was mjected into rats (5 mg per kilo) The fluoroacetate- 
treated rats were sacrificed when m monbund condition, and the late of 
acetate utihzation was measured and compared with that of similar tissues 
from normal rats (Table II) These experiments show that fluoroacetate 
IS a powerful inhibitor of acetate metabolism 

Effect of Fluoroacetate on Metabolism of Pyruvate — In 1932, Barron and 
hliUer (32) found that pjoaivate nas oxidized to acetate and CO 2 bj”^ gono- 
cocci Although the formation of acetate from pyruvate by animal tissue 
has also been reported (33-35), theie is a tendency to ignore this oxidative 
pathway of pyruvate metabohsm and to give as the mam oxidative pathway 
that of pyruvate caiboxylation to oxalacetate and condensation between 
pyruvate and oxalacetate as mdicated b 3 ’' Kiebs in his “tncarbox 3 dic acid 

^ Special care must be taken to free fluoroacetate from contaminating fluonde 
which might be formed during the preparation of this compound Commerical prep- 
arations of fluoroacetate contain large amounts of fluoride and are unsuitable for 
enzyme expenments unless freed of fluonde 
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cycle” (36) The powerful mlubitmg effect of fluoroacetate on the oxida- 
Sot acoL can L used to test the osedafve ot p^v^e 

tabohsm If pyruvate is oxidized by tissues via Krebs ^ 

cycle there would be no accumulation of acetate and no ° ^ 

Ste metobohsm. smce fluoroacetate was found to have 

and hver shces, and mth muscle minced ivith the Latapie mmce 

Tabi-b II 

^ Normal and Fluoroacelate-Trealed Kais 

. .In 014 M fluoroacetate (m normal rats), 0 005 m, duration 
Acetate concentration, 0 014 m, weicht 

et ..n.r,„e.ts. 3 h.u« A.et.te ut.l.s.tio. per ms ol d>y_»^ 


Tissue 


Control 


Fluoroacetate 


c mm 

7 6 
6 3 

25 3 
18 2 
10 4 

8 3 


c mm 
0 8 

9 5 

4 3 


Inhibition 


ftr cent 
90 
30 
62 
28 
59 
20 


Normal heart 
' Heart of poisoned rats 
Normal kidney 
Kidney of poisoned rats 
Normal liver 
Liver of poisoned rats 

(Table III) In order f '“’'tte pawlSe noted that 3 4 
kidney shces by the acetate oa ^ ^ unused as a consequence of 

cmm of acetatefoundrepresenttheacetateleltim^^ 

fluoroacetate inhibition Because s amount of acetate formed 

the presence of 0 01 M fluoroacetate ^epos^le—^^^^ 

would be 4 9 c mm per mg pe ^ may be concluded that 
utihzed in the presence of acetate pyruvate was utilized via the 

m kidney shces at least 44 per cent of the pyru 

oxidative pathway nmnpeds via oxidation to acetate, 

If succmate formation from py^R presence of fluoroacetate 

there must be inhibition of this accordmg to Ifjebs’ tncarboxyhc 

On the other hand, d succmate is formed accordmg 
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acid cycle, fluoroacetate will liave no effect on succinate formation, smce 
none of tlie smgle reactions of the cycle are affected by it In the presence 
of fluoroacetate (0 02 m) there ivas 77 per cent inhibition in the formation 
of succmate 

Some experiments were performed with human kidney obtained im- 
mediately after nephrectomy (hydronephrosis and sarcoma) The kidney 
shces used m the experiments had a normal appearance except perhaps those 
used m Determmation I The O 2 uptake m the absence and in the presence 
of pyruvate, as well as the pyruvate utilization, was less inhibited by fluoro- 
acetate (0 02 m) than m rat kidney shces There was defimte accumulation 

Table III 

Effect of Fluoroacetate on Metabolism of Pyruvate by Kidney Slices 
Ringer-phosphate buffer, pH 7 4, pyruvate, 0 02 m, gas phase, O 2 Results per 
mg of dry n eight 


Determination 

Time 

Fluoro 
acetate con 
centration 

1 1 
1 

Control ! 

Fluoro- 1 
acetate 

Inliibition 


/irs 

if 

c ptm 

c mm 

^>er cent 

Oj uptake, no substrate 

1 

0 01 

22 2 

9 0 

58 

" “ pjruvate 

1 

0 01 

31 7 

12 5 

60 5 

Pyruvate utilization 

1 

0 01 

25 2 

12 1 

52 

I Acetate formation, no sub- 

2 

0 02 

None 

1 01 

Increase 

strate 

Acetate formation, from pyru- 

2 

0 02 

1 01 

5 4 

(t 

vate 

Pyruvate utilization 

2 

0 02 

38 2 

26 9 

29 5 

II Acetate formation, from 

3- 

0 02 

None 

10 0 

Increase 

pyruvate 

III Pyrmate utilization 

2 

0 02 

29 2 

17 

42 

Acetate formation 

2 

0 02 

1 12 

8 1 

Increase 

IV Pyruvate utilization 

3 

0 02 

50 6 

31 8 

39 

Acetate formation 

2 

1 

0 02 

1 35 

7 9 

Increase 


of acetate in the presence of pyruvate and fluoroacetate A good utilization 
of acetate by the kidney shces was largely inhibited on addition of 0 02 M 
fluoroacetate (Table IV) 

Experiments with skeletal muscle were performed in imnced muscle 
(Latapie) from pigeon breast and rabbit leg In both cases the minced 
muscle was suspended m Kiebs’ phosphate-salme buffer free of Ca Here, 
too, fluoroacetate mhibited the O 2 uptake and pyruvate utilization There 
was also accumulation of acetate (Table V) In rat heart shces there was 
also inhibition of O 2 uptake and of pyruvate utihzation 

The O 2 uptake of rat hver shces was inhibited by 0 01 m fluoroacetate 
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There was a large inhibition of pyiuvate utilization and small accumulation 
of volatile acid (no lanthanum test was performed to identify the acid) 
(Table Y) 

Effect of Fhtoroacctaie on Fatly Acid Metabolism — The inhibition produced 
by fluoroacetate in the O 2 uptake of kidney slices whether in the presence 
or m the absence of fatty acids (acetate, acetoacetate, butyrate, crotonate) 
was about the same There was, however, complete inhibition of the util- 
ization of acetoacetate and about half inhibition of butyrate utihzation 
(Table Some inlubition of the O 2 uptake was also found m rat hver 
shces, e\cept mth octanoate There was inhibition of acetoacetate forma- 

Table IV 

Fffcct of Fluoroacelate on Metahohsm of Human Kidney (Slices) 


Ringer-phosphate buffer, pH 7 4, O2 as gas phase, substrates and fluoroacetate, 
0 02 If Results per mg of drj iveight 


Determination No 

Time 

Control 

Fluoro 

acetate 

Inhibition 



hrs 

c mm 

c mm 

per cent 

I 

Oj uptake, no substrate 

1 

9 6 

8 4 

12 5 


ft <( 

2 

19 5 

15 9 

18 

II 

t( (t tt 

1 

13 2 

9 9 

25 


t( t( t( 

2 

24 5 

18 6 

24 5 

I 

“ “ pyruvate 

1 

10 6 

8 1 

23 


it ft if 

2 

21 5 

16 6 

22 

II 

ft tt ft 

1 

15 1 

10 3 

32 


tt tt tt 

2 

29 7 

20 8 

30 

I 

Pyruvate utilization 

2 

12 6 

11 0 

13 

II 

ft ft 

2 

18 2 

15 2 

16 5 

III 

ft (< 

3 

20 0 

16 6 

17 

I 

Acetate formed from pyruvate 

3 

2 0 

6 9 

Increase 

II 

ft ft ft tt 

3 

4 6 

14 3 

tt 

I 

“ utilization 

3 

95 4 

14 5 

84 5 

11 

ft tt 

3 

11 2 

1 1 

91 


tion from butyrate, caproate, octanoate, and valerate, vath ^-hydro\y- 
butyrate and acetate, however, there was an increase (Table VII) 
Lehmnger (37) found that the oxidation of acetate by minced muscle de- 
pended among other factors on the Oo tension This effect has been made 
use of to distinguish the fluoroacetate mhibition In liver shces, with an- 
as the gas phase, 0 01 m fluoroacetate bad no effect on the O 2 uptake durmg 
the 1st hour whether in the presence or m the absence of acetate, when the 
gas phase was O 2 , however, there was appreciable inhibition These effects 
Were more marked in the 2nd hour Acetoacetate formation from acetate, 
greater in oxygen than m air, was increased to 190 per cent by fluoroacetate 
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uTthe presence of air and to 233 per cent in oxygen as gas phase (Table 

VIII) 

Effect of Fluoroacetate on Metabolism of Alanine, Lactate, and Glucose — 
Since the oxidative pathway of the metabohsm of pyruvate is inhibited by 
fluoroacetate, the effect of this inhibitor on the metabohsm of alamne, lac- 
tate, and glucose m kidney slices was studied to provide a better under- 


Table V 

Effect of Fluoroacetate on Metabohsm of Pyruvate by Muscle, Liver, and Heart 
The experiments with heart tissue were of 2 hours duration The results given 
were obtained wuth 5 cc of muscle suspensions containing 280 mg of fresh muscle 


Oi uptake 

Pyruvate utili 
z&uon 

Acetate formation 

Without pyruvate 

With pyruvate 

Control 

Fluoro 

acetate 

Control 

Fluoro- 

acetate 

Con 

trol 

Fluoro 

acetate 

Control 

Fluoro- 

acetate 


Pigeon breast muscle 



c mm 

c mm 

c mm 

c mm 

c mm 

c mm 

e mm 

jjRffljl 

02 M fluoroacetate 

1119 5 

667 5 

1982 


678 

485 

77 9 


0 025 " “ 

1166 

566 5 


1415 


505 


mm 

0 01 “ “ 


593 4 



605 

465 

0 


0 02 “ “ 

962 5 

420 6 

1635 7 

1060 

715 4 


0 



Rabbit leg muscle 


0 02 M fluoroacetate 

495 


646 

441 

1 

PI 

163 

238 

0 02 “ “ 

520 

B 

668 

428 



55 

298 

Rat liver 

1 

0 01 M fluoroacetate 1 

Q values, Ist hr 

1 

8 6 ' 

5 2 

8 7 



B 

0 04 

0 13 

» “ 2nd “ 

7 8 

3 3 

9 7 ! 

i 



m 

1 

1 



Rat heart 


0 01 M fluoroacetate 








Q values 

8 6 

4 4 

13 4 

2 2 

8 7 

5 2 


(( fi 

10 4 

7 8 

13 2 

3 4 

7 8 

6 3 



standmg of the different pathways of pyruvate metabohsm The O 2 
uptake was equally inhibited by fluoroacetate m the absence and in the 
presence of alamne There was no effect on the formation ofNHa Py- 
ruvate formation, extremely small m the control vessels, was increased 10 
times m the presence of fluoroacetate There was also shght accumulation 
of lactic acid m the tissues ivith fluoroacetate (Table IX) The accumula- 
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tion of pjTUvate and the formation of lactate aie undoubtedly due to a 
dmuiushcd removal by oxidation of the pyruvate formed or deamination 
of alanine 

The inhibition of the 0: uptake in the presence of lactate was somewhat 
less than in the tissues not contaimng lactate Lactate utihzation was not 
affected (Table IX) 

The O 2 uptake m the absence of glucose was inhibited 55 per cent, while 
in the presence of glucose the inhibition was raised to 64 per cent This 
mcreased mhibition v as accompanied with an increase in the formation of 
lactic acid (aerobic glycolysis) and a decrease m the formation of pymvic 

Tablc VI 

EJfccl of Fluoroacclalc on Fatty Acid Metabolism by Kidney Slices 


Fatty acid and fluoroacetatc, 0 02 m Results per mg of dry ■neight 


Dctcnnination No 

! 

Time 

Control 

Fluoro 

acetate 

Inhibition 



hrs 

c mm 

c mm 

Per cent 

I Acetate 

Oj uptake, no substrate 

1 

21 5 

9 9 

54 


“ “ acetate 

1 

27 1 

9 1 

66 






No aceto- 






acetate 






accumu- 


1 




lation 

II Aoetoacetate 

Oi uptake, no substrate 

1 

20 0 

9 3 

53 5 


“ “ aoetoacetate 

1 

29 0 

13 0 

55 


Acetoacetate utilization 

2 

10 6 

0 

Complete 

III Butyrate 

O 2 uptake, no substrate 

1 

21 7 

8 8 

59 5 


“ ‘ butyrate 

1 

26 2 

13 2 

49 5 

1 

Butyrate utilization 

3 

16 4 

8 7 

47 0 

rV Crotonate 

0; uptake, no substrate 

1 

21 7 

8 8 

59 5 


“ “ crotonate 

1 

24 7 

11 3 

54 


acid Fiom the amount of lactic acid formed it can be seen that about half 
of the glucose metabolized was changed into lactic acid The anaerobic 
utihzation of glucose (glycolysis) was completely unaffected (Table X) 
Effect of Fluoroacetatc on Synthesis of Carbohydrate by Kidney Slices It 
is knoivn that kidney shces can synthesize carbohydrate from pyruvate 
(38) Although the mechamsm of this synthesis is still unknoivn, it has 
been established that aerobic oxidative mechamsms are lequired because 
S3mthesis does not occur in the absence of oxygen This synthesis was 
inhibited 82 per cent with 0 02 m fluoroacetate The synthesis of carbohy- 
drate from acetate was studied m kidnej'’ slices suspended m Rmger- 
bicarbonate solution contaimng 0 02 m acetate In all experiments there 






76 


EFFECT OF FLUOROACETATB ON ENZYMES 


was an increase in carbohydrate in the samples containmg acetate as com- 
pared with the samples ■without acetate Fluoroacetate (0 01 m) mhibited 
this synthesis (Table XI) 


Table VII 

Effect of Fluoroacetate on Fatty Acid Metabolism by Liver Slices 
Ringer-phosphate buffer, pH 7 4, substrates and fluoroacetate, 0 03 m Results 
per mg of dry eight 


Determination 


1 

Time 

Control 

Fluoro 

acetate 

Inhibition 



hrs 

€ mm 

c mm 

ftr cent 

Butyrate 

Oa uptake, no substrate 

1 

9 1 

5 3 

42 


“ “ butyrate 

1 

13 5 

98 

27 


Butyrate utilization 

1 2 

10 3 

1 8 

82 


Acetoacetate formation, no 
substrate 

2 

1 0 

1 

25 

Increase 


Acetoacetate formation, 
from butyrate 

2 


3 6 

61 


^-Hydroxybutyrate forma- 
tion, no substrate 

2 


0 8 

None 


/3-Hydroxybutyrate for- 
mation, from butyrate 

2 


0 8 

i 

82 

Caproate 

0. uptake, no substrate 

1 

8 2 

4 3 

48 


“ “ caproate 

1 

12 9 

7 0 

46 


Caproate utilized 

2 

12 1 

9 4 

22 


Acetoacetate formation, 
from caproate 

2 

10 2 

3 1 

70 

Ootanoate 

O'- uptake, octanoate 

1 

13 6 

11 7 

13 


Acetoacetate formation 

2 

8 5 

4 1 

52 

Valerate 

O 2 uptake, valerate 

1 

14 1 

8 5 

40 


Acetoacetate formation 

2 


4 6 

41 

/3-Hydro\ybuty- 

rate 

O 2 uptake, hydroxybuty- 
rate 

1 


9 6 

10 


Hydroxybutyrate utilized 

1 


5 6 

None 


Acetoacetate formation 

1 

2 51 

3 48 

Increase 

Acetate 

O 2 uptake, acetate 

1 

12 1 

7 0 

42 


Acetoacetate formation, no 
substrate 

2 

2 6 

3 9 

Increase 


Acetoacetate formation, 
from acetate 

2 


5 9 

i( 


Effect of Fluoroacetate on Acetylations — It has been postulated that the 
inhibition of acetate oxidation by fluoroacetate belongs to the type of 
substrate-competitive inhibitions Fluoroacetate could be used to see 
whether acetate is the substance which combmes with the protem moiety 
of the enzyme The reaction would be inhibited by fluoroacetate if the 
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protein moiety combines wath acetate Three acetylations were studied 
the acetylation of sulfamlamide, of p-aminobenzoic acid by rabbit liver 

Table VIII 

Effect of 0; Tension on Fluoroacetalc Inhibition of Respiration and Acetate Metabolism 

by Liver Slices (Rat) 


Acetate, 0 01 m, fluoroacetatc, 0 01 m, Rmger-phosphate, pH 7 4 Results per 
mg of drj eight 


Determination 


Con 
trol 1 

Fluoro- 

acetate 

Inhibition 

Oi uptake in air 

1 

No substrate 

Ist hr 


c mm 

6 5 1 

fer cent 

None 


2nd “ 


5 3 

16 

1( (( (( Q 

1 

No substrate 

1st hr 


5 6 

38 


2nd “ 


4 9 

53 

ft ft ft 

air 

With acetate 

1st hr 1 


6 1 

None 


2nd “ 

6 4 

5 8 

12 5 

It It tl Q 

With acetate 

Ist hr 

10 4 

7 8 

25 


2nd “ 

13 7 

7 6 

44 5 

Acetoacetate formation 

No substrate, in air 

0 96 

1 3 36 

Increase 250 


Acetate “ “ 

1 37 

3 97 

“ 190 


No substrate, in 

1 49 

4 27 

“ 187 


oxygen 

Acetate, in oxj’gen 

1 54 

6 12 

" 233 


Table IX 

Effect of Fluoroacelale (0 01 ii) on Metabolism of Alanine (dl-) and of Lactate by Rat 

Kidney Slices 


Dclcrmination 

Time 

Control 

Fluoroacelale 

Inhibition 


hrs 

c mm 

c mm 

Per cent 

0. uptake, no substrate 

1 

23 

10 7 

53 5 

“ “ alanine 

1 

30 4 

13 8 

54 5 

NHj formation 

2 

8 5 

S 9 

None 

Pjruvate formation 

2 

0 11 

1 5 

Inciease 

Lactate “ 

2 

None 

0 13 


0 uptake lactate 

1 

29 7 

17 6 

41 

Lactate utilization 

2 

21 5 

20 6 

None 


slices, and the acetylation of choline by chopped rat brain in the presence 
of glucose and of pyiuvate The acetylation of sulfanilamide and of 
p-aminobenzoic acid by rabbit liver slices was increased m the presence of 
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0 02 M fluoroacetate The acetylation of chohne by chopped brain either 
in the presence of glucose or pjTUvate vras not affected by fluoroacetate 
(Table XII) The increase m acetylation observed in the eypenments mth 
sulfanilanude is undoubtedly due t-o the inhibition of acetate metabohsm, 
thus providing more acetate for the acetylation process It may be con- 


Tabi£ X 

Ejjecl of Fluoroaceiale (0 02 if) on Melahohsm of Glucose by Rat Kidney (^Slices) 


Detcmumtion 

( 

Time 

Control 

Fluoroacctnte 

IniilbiUon 


hrs 

€ nn 

C rrn 

Per cent 

Oj uptake, no substrate 

1 

24 9 

11 2 

o5 

" " glucose 

1 

32 5 

11 6 

64 

Glucose utilization 1 

2 5 

5 6 

5 1 

Xone 

Lactate formation j 

2 5 

2 9 

5 4 

Increase 

Pyruiate “ 

2 5 

0 3 

0 16 

47 

Anaerobic ^jcolysia 

1 

7 6 

7 5 

Xone 


Table XI 

' Effect of Fluoroacetate on Synthesis of Carbohydrate from Acetate by Rat 
' Kidney (Slices)* 

ubstrate, 0 01 m acetate, fluoroacetate, 0 01 m, incubation time 3 hours, temp- 
-erature 3S°, Oj-COj as gas phase, buffer, Rmger bicarbonate, pH 7 4 


Experiment No 

Carbohydrate in 100 

bume as c.ina glucose 

No substrate 

Acetate 

Acetate -f 
fiqoroacctale 

Inhibiljon 

1 

36 

105 5 

56 6 

per cert 

70 

2 ! 

59 

76 3 

68 

48 

3 

62 4 

78 8 

68 7 

61 5 

4 

SO 6 


66 5 

Complete 

5 i 

79 2 

93 4 ! 

88 1 

37 

6 

SO 6 


104 

16 

7 

72 4 ! 

84 2 

70 1 

Complete 

8 

SO 0 

94 6 

73 

it 

9 

48 7 

SO 8 

66 2 1 

45 5 

Pynii ate as substrate 

45 2 

1 141 

63 7 ! 

81 


* These experiments were performed bj Mr Ulnc Presta 


eluded from these experiments that m the acetylation of these three com- 
pounds it is the substance to be acetjdated vhich combmes vnth the protem 
moietj of the enzyme s\ stem and not the acetate, because the reaction is 
not affected by fluoroacetate 

Effect of Fluoroaceiale on Plant Growth — Competitive inhibitors can be 
used to determme vrhether durmg the senes of reactions which occur m the 
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utilization of foodstuffs or during synthesis there are obhgatory path- 
ways Malonate inhibition of succmate oxidation has thus been used to 
determine whether in the stepuTse degradation of carbohydrates and fats 
there is a step involving succinate oxidation Similarly, fluoroacetate can 
be used to determine whether acetate oxidation is necessary m the process 
of grou-th of seeds For these experiments three examples of seeds were 
taken unth high fat content (tomato and cantaloupe), with high protein 
content (beans and peas), and with high carbohydrate content (com and 
wheat) The seeds were grown m glazed earthenware pots on acid-washed 
quartz sand and distilled water vith and without addition of fluoroacetate 
The growth v as follow ed for 3 weeks, at which time food reserves of the 
seeds approach depletion With 0 01 m fluoroacetate, growth was almost 
completely inhibited m all the seeds With tomato and pea seeds there was 
no growth In a few cases, with the other seeds, the root tip just broke 

Table XII 

Effect of Fluoroacetate (0 001 u) on Acetylations by Rabbit Liver (Slices) 
SuHanilaimde and p-anunobenzoic acid, 1 mg per vessel, buffer, Ringer-phos- 
phate, pH 7 4, Oj as gas phase, incubation time, 3 hours at 38° 


Acetylation reaction j 

1 

Acetyl compound formation pet gm dry tissue 

Control 

Fluoroacetate 

Increase 


e mm 

e mm 

ptr cat! 

Sulfamlaimde, Determination I 

672 

920 

37 

.. » 11 

784 

1098 

40 

>, „ III 

696 

1010 

60 

p-Aminobenzoic acid, Determination I 

705 

1015 

44 

II II « II 

684 

706 

21 

Choline 


4 

None 


through the seed coat but no furthei development took place This break 
through may have been due merely to a swelhng of the seed on takmg up 
water without any actual cell proliferation With 0 001 m fluoroacetate 
there was marked inhibition of the growth of cantaloupe seeds but only a 
small effect on the growth of bean, pea, com, and wheat seeds Tomato 
seeds proved to be the most sensitive With 0 001 m fluoroacetate the 
tomato seedlmgs apparently started, hke the controls, for the first 3 days or 
untd the root was 1 to 2 cm long Further growth then stopped and the 
root gradually shriveled and browned With 0 0003 si fluoroacetate there 
Was still a significant inhibition of the growth of tomato seedlmgs 

DISCUSSION 

The expenments presented m this paper have shown that fluoroacetate, 
a powe^ul toxic agent, lethal for small mammals at amounts varying from 
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0 5 to 5 mg per kilo, was completely ineffective against the activity of a 
large number of oxidative en 2 ymes, although it inhibited the respiration of 
tissue slices The expenments have shoiim furthermore that fluoroacetate 
IS a powerful inhibitoi of the oxidation of acetate by tissues not only when 
added in vitro but also when the oxidation of acetate was tested in the tissues 
of animals treated with fluoroacetate This selective action, together with 
the studies of Kahutsky and Barron (39), places fluoroacetate as an in- 
hibitor belongmg to the gioup of substrate-competitive inhibitors and is a 
strong mdication in favor of the assumption that the inhibitions observed in 
tissue respiration are due to the existence of a phase of acetate oxidation 
in the senes of reactions which m tissues result in the consumption of 
oxygm 

This stnkmg inhibition of acetate oxidation by fluoroacetate has been 
utihzed to test the oxidative pathway of pyruvate metabohsm via acetate, 
an oxidation found to occur in bactena but repeatedly demed to occur in 
al tissues The experiments in which the metabohsm of p 3 TUvate was 
'' udied m the presence of fluoroacetate in kidney, liver, and muscle, have 
shown that there was accumulatipn of acetate and an inhibition of pjruvate 
utihzation Of the other pathways of pyruvate metabolism it has been 
shown that animation to alanine, reduction to lactate, and dismutation to 
lactate and acetate are not affected Furthermore, none of the oxidative 
steps of the tncarboxyhc acid cycle, oxidation of isocitnc, a-ketoglutanc, 
succmic, and mahc acids, were affected by fluoroacetate 

It may therefore be concluded from these experiments that the toxicity 
of fluoroacetate is due to inhibition of the oxidative pathway of acetate 
metabohsm Fluoroacetate probably acts by inhibiting the formation of 
“active” acetate (the so called C 2 compound, which may be an acetyl de- 
nvatwe or an acetate radical) The experiments wnth pyruvate have 
shoira that oxidation of pyruvate to acetate and rapid disposal of the ace- 
tate thus formed occur m tissues How' much of the oxidative removal is 
performed via acetate and how much via carboxylation to oxalacetate 
has not been determined in all tissues In kidney slices, at least 45 per cent 
of the pyruvate utilized could be accounted foi as due to direct oxidation 
Under the conditions of the experiment it is probable that because of ace- 
tate accumulation the metabolism of pyruvate deviated tow ards other path- 
ways 

The experiments with fatty acids show an inhibition m the oxidation and 
utihzation of these substrates with an mhibition of acetoacetate formation 
m hver shces Hon ever, ivith acetate as substrate there w^as accumulation 
of acetoacetate This mhibition of acetoacetate formation in the presence 
of fluoroacetate supports the view that the oxidation of fatty acids occurs 
by steps until the formation of acetate In the metabohsm of acetate there 
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ire then t\\ o patlui aj’^s o\idation, inhibited by fluoroacetate, and conden- 
sation to acetoacetate, not affected by it The high toxicity of fluoro- 
acetate IS indication of the essential lole which acetate metabolism plays in 
tissue metabolism 


SUMMARA 

Fluoroacetate, mIiicIi is highly toxic to animals, inhibited the oxidation 
of acetate bj’^ animal tissues both in experiments in vitro and m tissues of 
animals receiving lethal injections Fluoroacetate had no effect on the 
actmty of a large number of oxidation enzymes oi fluoride-sensitive en- 
zymes, nor did it combine with — SH groups In the presence of pyruvate, 
fluoroacetate produced an accumulation of acetate accompamed by a 
dimmished utilization of pyruvate Smee it had no effect on the other 
pathways of pj^ruvate metabolism oi on the oxidative steps present in the 
tricarboxjdic acid cycle it may be concluded that the direct oxidation of 
pyruvate to acetate is of great importance in animal tissues Fluoroacetate 
inhibited the oxidation of fatty acids and produced an inhibition of aceto- 
acetate formation This is presented as evidence that fatty acid oxidation 
passes through an acetate step Fluoroacetate had no affect on acetylation 
reactions such as the acetylation of sulfanilaimde, p-aminobenzoic acid, 
and cholme Fluoroacetate inhibited the synthesis of carbohydrate from 
acetate or from pyruvate in kidney slices Fluoroacetate was found to be 
toxic for the growth of seeds, especially seeds of tomato 
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TIIE EFFECT OF FLUOROACETATE ON THE METABOLISM OF 
YEAST AND BACTERIA* 

Bt GEORGE ICALNITSICYt and E S GUZMAN BARRON 
(From Ihc Chemical Division, Dcparlmcnt of Medicine, University of Chicago, Chicago) 

(Received for publication, February 1, 1947) 

It was show7i in the picccding papei (1) that fluoioacetate, wLich is 
cxtremol}" toxic to animals and plants, has a stiong inhibitoiy effect on 
the metabolism of acetate Because of the importance of acetate m 
mteimediaiy metabolism, a more detailed study of this pioblem was 
imdei taken, with biological material such as yeast and bacteiia Sus- 
pensions of bakeis’ 3 east and Coiyncbacicnum a catinovoi ans exhibit 
low endogenous activities and utilize acetate rapidly, twm-thirds of the 
acetate is oxidized to carbon dioxide and watei, and the lemaindei is con- 
verted to caibohydiate Therefore, these two types of cells weie used in 
attempts to elucidate the mecharasm of action of fluoroacetate The 
ex^periments piesented in this papei show the great sensitivity of acetate 
metabolism bj’’ these organisms to fluoroacetate, the competitive natuie 
of this inhibition, and the lack of inhibition in the presence of other related 
halogen compounds Partial inhibitions are obseiv'ed when other sub- 
strates are utilized in the presence of fluoroacetate These can be at- 
tributed to the intermediate formation of acetate during the metabolism 
of these substiates, as is illustrated bj’’ the accumulation of acetate in 
several instances 


Methods 

The yeast used m these expenments was Fleischmann’s bakers’ jeast, 
which was washed by centiifugation tlmee times with distilled vvatei and 
kept in suspension in water Corynehoclenum ci eatiTWvoi ans was obtained 
from the Amencan Type Culture Collection The cell-free extracts of 
Escherichia coll were obtained by grinding the cells wuth Pj^x glass 
powder according to Kalnitsky, Utter, and Workman (2), gonococci were 
grown in the egg digest medium of Miller and Castles (3) 

PjTuvate was determined colorimetiically by the method of Friedemann 
and Haugen (4), acetate by double distillation accoidmg to Friedemann 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Umversity of Chicago 

t Present address. Department of Biochemistry. State Umversity of Iowa, Iowa 
City, Iowa 
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leversal of inhibition on the addition of higher concentrations of acetate 
(Table II) 

Effect of Fluowacclate on Synihests of Ctbaie from Acetate by Yeast-H 
seems that citrate synthesis is due to a condensation of some form of 
acetate mth oxalacetate (11-13), synthesis of citiic acid Avouldthusbe 
the hist step m the metabolism of actnxated acetate Fluoroacetate 
produced a complete inhibition of the oxidation of Mg acetate and 90 per 
cent inhibition of citiic acid foiraation (Table III) In Expenment III, 


Tablu II 


Inhibxlxon of Yeast Acetate Oxidation hxj Fluoroacetate 

Addxtion of Acetate 

Acetate added 15 minutes after addition of fluoroacetate 


, Partial Peiersal on 
(0 001 m) 


Acetate concentration 


Inhibition 


Reactiration 


0 01 
0 04 
0 08 
0 12 


/>rr cert! 

89 2 
02 4 
46 1 
58 8 


per cent 


30 2 
48 3 


Table III 

Yenst o O'* Citrate Formation by Bakers' Yeast 

3riments,^4\ours"'^BI^l ^ 077 m, fluoroacetate, 0 005 m, duration of ox 


Experiment No 

Citric ncid formation 

Inhibition 

Os uptate 

Control 1 

■ 

Inhibitor 

Control 

Inhibitor 

I 

II 

III 

C WffI 

50 0 

38 6 

51 0 

c 

4 5 

3 8 

14 0 

per cent 

91 

90 

72 

c mm 

1010 

1005 

1012 

c mm 

0 

0 

242 


uptaheuaTirerc^^::^^^^ yeast uas used, the mlubitiou of 0- 

of citric acid synthesi? (72 cenS " ' 

thff^l^of 3-casf-During 

is taken up per mole of ethvi bakeis’ 3^east, 1 mole of oxygen 

equations ^ ^cohol oxidized, according to the following 
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If fluoioacctatc is a specific inhibitor of acetate oxidation, the O 2 uptake 
of -^east in the piescnce of cthvl alcohol will not be influenced by fluoio- 
acotatc, it least foi some time because the late of oxidation of eth 3 d 
alcohol IS much fastei than that of acetate This was found to be the case 
(Fig 2) Tlie late of O 2 consumption uas the same in the absence and m 
the presence of fiuoroacctate until b70 c mm of O 2 had been taken up 
From then on the degree of inhibition incieased lapidly At the end of the 
experiment, the contiol vessel containing ethyl alcohol had used 1572 
c mm of O 2 and pioduced 150 c mm of acetate, uhile, in the piesence of 



Fig 2 Effect of fluoroacetato (0 01 m) on the oxidation of ethyl alcohol by bakers’ 
jeast Curve 1, ethyl alcohol, Curve 2, ethyl alcohol + fiuoroacctate 

fluoroacetate plus ethjl alcohol, 975 c mm of O 2 ueie consumed and 890 
c mm of acetate ueie foimed The amount of ethanol added uas 940 
c mm In the piesence of fluoioacetate, then, theie uas approximately a 
ratio of alcohol-Oa-acetate of 1 1 1 as lequned m equations (1) and (2) 
k!ffcct of Fluoroacetate on Formation of Pyruvate and Acetate from Glucose 
The Oi uptake of bakers’ yeast as nell as the formation of CO 2 m the 
presence of glucose xvas only slightly affected bj’' fluoroacetate during the 
first 2 houis At the end of 120 minutes there appeared a definite mlubi- 
tion of the O 2 uptake and of CO 2 formation (Table IV) The inhibition 
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became apparent when a change m the rate of O 2 uptake and CO 2 evolution 
took place The sudden change m the late of O 2 uptake might be an 
indication of the completion of one series of reactions and the begmnmg of 
another, this latter senes being the one inhibited by fluoroacetate That 
such may be the case was shown in expeiiments which weie carried out 
wnth 5 cc of the same yeast suspension plus phosphate buffer plus 1 2 mai 
of glucose in a total a olume of 21 cc At the end of 2 hours, when the rate 

Tabus IV 

Effect of Fluoroacetate on Oxidation of Glucose by Bakers’ Yeast 
Yeast (5 per cent suspension), 0 5 ct , phosphate buffer, pH 6 44, 0 033 m, glucose, 
0 01 M, fluoroacetate, 0 0033 im 


Tune 

1 Oj uptake 

j 

Inhibition 

CO evolution 

Inhibition 

1 

Glucose 

Glucose + 
fluoroacetate 

Glucose 

Glucose + 1 
fluoroacetate ' 

mtn 


c mm 

Per cent 

c mm 

c mm 

percent 

0- 60 


-501 

11 6 

953 

870 

8 7 

60-120 


-580 

3 8 

456 

387 

15 1 

120-150 

-179 

-116 

35 3 

97 

44 

54 7 

150-180 

-171 1 

-73 

57 4 1 

127 

70 

45 0 

180-210 

-125 

-72 

42 4 

100 

69 

31 0 

fr-210 

-1645 

-1342 

18 4 1 

1733 

1440 

16 9 


Table V 

Effect of Fluoroacetate on Formation of Pyruvate and Acetate by Bakers’ Yeast 
Phosphate buffer, 0 03 m, pH 6 44, glucose, 0 03 m, fluoroacetate, 0 0083 m, temper- 
ature, 38°, 10 per cent yeast suspension, 1 5 cc for 9 cc total volume, duration of 
e\permients, 3 hours 


Substrate 

Pyruvate formation j 

j Acetate formation 

Control 

Fluoroacetate 

Control 

Fluoroacetate 


c mm j 

c mm 



No substrate 1 


■EZH 



Glucose 



■SHI 

■■■ 


of O 2 uptake had changed in the manometric experiments, 82 per cent of 
the glucose orginally present had disappeaied, at the same time theie was 
formation of 0 22 ium of a olatile acid At the end of 3 hours, there Avere 
left 0 03 mAi of glucose and 0 101 mm of Amlatile acid Therefore, during 
the 3rd hour, 0 119 ruM of Amlatile acid aaes utilized The inhibition of O 2 '' 
uptake by fluoioacetate obseiA'ed during the 3rd hour AAas due to inhibition 
of oxidation of the acetic acid accumulated, as is demonstrated in the 
expenments of Table V The formation of acetate increased in the 
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presence of fluoroacctate by 140 pci cent The acetic acid was furthei 
identified bj the lantlnmim test of luugci andTschiich (14) 

Effect of Fluoroacctate on Oeidattons Pioduced by Bakers’ Yeast — The 
effect of fluoroacctate (0 003 m) on a numbei of oxidations pioduced by 
yeast is gn en in Table AT Inhibition of pyru\ ate oxidation nas the only 
one which appro vehed the extent of acetate inhibition Hoivever, with 
bakers' yeast w ashed twice with distilled w atei , suspended in w atei , and 
shaken for 24 houis in the presence of oxygen, it was possible to demon- 
strate in experiments of 1 houi’s duration that, w'hile acetate oxidation 
was completely inhibited by 0 00075 M fluoioacetate, the oxidation of 
pyruvate was only 79 per cent inhibited The inhibition of O 2 uptake 
with pyiw ate w as accompanied by accumulation of volatile acid Yeast 

Tabu: VI 


Effect of Fluoroacelate on Oxidations Produced by Bakers’ Yeast 
Substrate concentration, 0 02 m, fluoroacctate, 0 003 m, gas phase, air, tempera- 
ture, 37°, duration of experiment, 1 hour 


Substrate 

pH 

Oi uptake 

Inhibition 

Control 

Fluoroacctate 


^Kone 

1 

6 2 

c mm ' 

82 

e ntm 

40 

^er cent 

51 

Glucose 

6 2 

567 

501 

11 6 

Lactate 

7 0 

150 

75 

50 

Pyruvate 

4 0 

105 

16 

85 

Ethyl alcohol 

7 0 

1 650 

595 

8 5 

Acetate 

1 7 0 

1 160 

0 

Complete 

Citrate 

Water 

1 37 

22 

40 5 

Malate 

(t 

62 

38 

38 7 

Succinate 

“ 

82 

41 

50 


(60 mg , dry w^eight, m 21 cc of fluid) suspended m hippurate buffer (0 01 
M, pH 4 0) and pyruvate (0 5 mM) produced only 0 2 micromole of volatile 
acid in 1 hour, w^hile in the presence of 0 003 u fluoroacctate 12 25 micro- 
moles were produced This inhibition, as pieviously postulated, can be 
presented as evidence for the reversibility of the oxidatn e reaction 
Further proof that fluoroacctate inhibits only the imtial step of acetate 
metabolism is given m the experiments plotted in Fig 3, m which the 0: 
uptake of yeast in the piesence of acetate w^as follow'cd for 120 mmutes 
In the first 30 minutes, fluoioacetate pioduced an inhibition of 85 per cent 
m the 0» uptake From this moment on, the O 2 uptake of the samples 
containing fluoroacctate started to rise and at the end of 90 minutes it w^as 
Proceedmg at the same late as the controls This release of inhibition with 







90 


FLTJOROACETATE AND TEiST ANP BACTERIA 


time can be explained in the light of the previous experiments O 2 uptake 
started as soon as theie was enough citiic acid formed, and oxidation of 
carboxylic acid pioceeded unaffected by fiuoroacetate 

Effect of Fluoioacelate on Bactenal Metabohsm—^hc inhibition of acetate 
metabolism by fluoioacetate shown in animal tissues and 3 '-east has also 
been obser\ed in bacteria 

The oxidation of acetate by Coiynehactenum creaknovoram was com- 
pletely inliibited by 0 002 m fiuoroacetate The inhibition of O 2 uptake 



Fig 3 Release of fiuoroacetate inhibition with tune Fiuoroacetate concentra 
tion, 0 0004 M, acetate concentration, 0 01 m , Curve 1, control, Curve 2, fiuoroncetatc 

was accompanied by complete inhibition of acetate utilization and of 
caibohjdrate sjmthesis (Table ^II) 

The effects of fluoioacetate and fluoiobutyiate on the endogenous 
respuation of these bacteiia were quite different from the effects obtained 
inth animal tissues and j'cast cells Both inhibited the respiration of'v 
'ground kidnei cortex, 38 to 43 per cent Fiuoroacetate inhibited the 
endogenous lespnation of bakers’ 3 ’east to the same extent, whereas fluoro- 
fautjwate showed no inhibitorj” action The endogenous respiration of 
Coryncbacientm creaknovorans was not only uninhibited by fiuoroacetate 
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and fluorobutjnatc but dcfinitelj^ mcieosed (Tabic VIII) The mechanism 
of this incieaso is not known It is possible that these fluoio acids diveit 
cellular metabolism tow aids the oxidative patlways m the same manner 
IS do low conccntiations of dinitiophenol, cyanide, and azide (15) In 
Table IX data aic given on the effect of fluoioacetate and fluorobut 5 ’-rate 
on oxidations pioduced by Coujnchaclcnum crealinovorans VTiile fluoro- 
acetatc inhiljited the oxidation of acetate completely, fluorobutyrate had 
no effect at all In goner il, fluoiobutyrate inhibition was smallei or non- 
existent Fluoroacetatc had strong inhibitory power on the O 2 uptake m 


Table VII 

Effect of Fluoroacetatc on Acetate Metabolism by 
Corynebaclerium crealinovorans 


Experiment 

Control 

Fluoroacetatc 

Inhibition 

Oj uptake, no substrate 

c mnt 

271 1 

c mm 

305 

per cent 

None 

“ “ acetate 

2061 

298 

Complete 

Acetate utilization 

1340 

0 

“ 

Carbohydrate formation from acetate 

148 

0 

It 


Table VIII 


Effect of Fluoroacetatc and Fluorobutyrate on Endogenous Respiration 
of Tissues and Isolated Cells 
Concentration of fluoro fatty acids, 0 002 m 


Tissue 

O 2 Uptake 

Control 

Fluoroacetatc 

Fluorobutyrate 


c mm 

c mm 

c mm 

Rabbit kidney (ground) 

148 

j 92 

85 

Bakers’ yeast 

31 

18 

30 

Corynebaclerium crealinovorans 

101 

131 

139 


the presence of malate, glycolatc, glyoxalate, glycine, and succinate, sub- 
stances which are xery slowly oxidized by Coryncbaclertum cvcatinovorans 
Succinate is oxidized bj'' Corynebaciertuni ci eahnovorans leiy slowly 
and the QOz succinate is only 2 5 Howevei, w^hen the cells aie frozen 
Quickly and diied 771 vacuo and then resuspended in w^ater, thej’' oxidize 
dicarboxylic acids quite rapidly * Fluoi oacetate (0 002 ji) inhibited 1 6 
per cent the O 2 uptake by these dried bacteiia in the presence of succinate 
Malonate, hoxvever, produced only 11 per cent inhibition (Table X) 
Whether this lack of malonate inhibition is due to non-penetration through 
the cell membiahe is not knowm 

' Barron E S G , and Singer, T P , to be published 
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TabI/B IX 

Effect of Fluoroacelale and Fluorobulyrate on Some Oxidations Produced 
by Corynebaclertwn creahnovorans 


Substrate 

Inhibition 

! 

Substrate 

Inhibition 






1 

i per cent 

per cent 


per cent 

Per cent 

None 

None 

None 

Glycerol 

18 

5 

Acetate 

Complete 

« 

1 

Malate 

97 

None 

Glucose 

70 

20 

1 Glycolate 

Complete 


Pvruvate 

68 

None 

1 Glyoxalate 

86 


I actate 

65 

13 

Glycine 

87 


Rntvrate 

61 ! 

4 

Succinate (vacu- 
um dried cells) 

83 



Tablb X 

Ftffect of Fluoroacelale and Malonatc on Oxidation of Succinate by Dried Cells 
of Coryncbaclcnum creahnovorans 

Cells, 10 mg , dry weight, phosphate buffer, 0 04 m, pH 7 0, succinate, 0 02 M, 
malonate, 0 033 m, fluoroacetate, 0 002 m, temperature, 38°, duration of experiment, 
1 hour 



Oi uptake 

Inhibition 


c mm 

per cent 

No substrate 

119 


“ “ -h fluoroacetate 

119 

None 

Succinate 

238 


“ -h fluoroacetate 

147 

76 

Malonate 

119 


Succinate -h malonate 

1 

225 

11 


Table XI 

Effect of Fluoroacelale on Metabolism of Pyruvate by Escherichia call 

and Gonococci 


Temperature, 38°, duration of experiments, 1 hour 


i 

Control 1 

Fluoroacetate 

Inhibition 


1 i 

c mm \ 

c mm 

per cent 

E coll 

Pyruvate, 0. uptake 

262 

125 

52 


" CO. output 

(N 2 -CO 2 as gas phase) 

48 

50 

None 

“ “ cell-free 

Pyruvate, CO 2 output | 

310 

298 


preparation 

(N CO as gas phase) 





Acetyl phosphate formation 

289 

287 


Gonococci 

Pyruvate , O 2 uptake 

170 

102 

40 


-h acetate 

126 

61 

51 6 
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Effect of Fluoroacelate on Pyinvate Oxidation — The expeiiments with 
animil tissues ‘uid with yeast ha\e show'n that fluoroacetate exerts a 
definite inhibition of pyiuvate metabolism m animal tissues and a moie 
powerful effect in yeast To study the mechanism of this mhibition 
further twm species of bacteiia have been used Eschenchia coli, which 
oxidizes pyruvate and acetate and dissimilates pyruvate anaeiobically to 
acetic acid and formic acid, and gonococci, which oxidizes pyruvate to 
acetate The oxidation of pyruvate by E coh was inhibited 52 per cent 
bj^ fluoroacetate (0 003 si) Anaerobically, m bicarbonate buffer, svith 
N 2 -CO 2 as the gas phase, fluoroacetate had no effect on the CO 2 output, 
e\en svhen the fluoroacetate concentration w^as increased to 0 01 m With 
a cell-free extract of E coh in the piesence of bicarbonate and phosphate 
buffer (pH 6 88) there svas no inhibition of the dissimilation reaction with 
0 01 SI fluoroacetate Since acetyl phosphate has been shoivn to be an 
intermediary in this reaction (16), determinations of this compound were 
made both m the presence and m the absence of fluoroacetate (0 01 si) 
There was no effect on acetyl phosphate formation The oxidation of 
pyruvate b}’’ gonococci w'as inhibited 40 pei cent by 0 01 m fluoroacetate 
PjTUvate oxidation b}’’ these bacteria was also inhibited 26 per cent by 
addition of 0 02 si acetate In the piesence of 0 02 si acetate, fluoroacetate 
inhibition rose to 52 per cent (Table XI) These experiments favor the 
view that fluoroacetate inhibition of pyruvate oxidation in bacteria is due 
~lo accumulation of acetate 


DISCUSSION 

The inhibition of acetate metabolism by fluoroacetate when added to 
yeast and bacterial suspensions 15 mmutes before acetate addition, t e 
complete lack of inhibition w^hen fluoroacetate is added after the addition 
of acetate, and the partial reversal of the inhibition on addition of iimreasing 
quantities of acetate, are evidence that this is a competitive in ition in 
which the inhibitor and the substrate compete for combmation with the 
protein moiety of the enzyme protein + acetate protein-acetate, 
protein fluoroacetate protem-fluoroacetate 

The lack of inhibition shown by the other halogen acetates, chloio-, 
bromo-, lodo-, and fluoro fatty acids other than acetic, and finally the 
lack of action of trifluoroacetate, demonstrate the remarkable specificity 
of monofluoroacetate This specificity seems to be ue ® 

geometric resemblance to acetate, smee the difference ® ^ 

. distances of the C-H bond and the C-F bond is o^y of 0 32 A i is 
specificity would be m agreement wnth the lock and 'ey resem ance o 
the combmation between substrate and protein, ze , the space group on 
the side chains of the protein molecule where acetate is anchored must 
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be arranged in such a maimer that only molecules \ ery closely resemblmg 
acetic acid can find anchoi m the space of those side chains This 
specificity was most cleaily seen when the late of oxidation of ethanol 
by bakeis' yeast was followed, because the late of oxidation of ethanol to 
acetate is faster than that of acetate to CO 2 and HjO 

The inhibition of citiic acid synthesis from acetate and the lack of 
action of fluoroacetate on the oxidation of isocitrate, a-ketoglutarate, 
succinate, and malate by their respective oxidizing enzymes are offered 
as evidence that the inhibition of acetate metabolism by fluoroacetate 
takes place m the fiist step of the series of reactions which end in the 
formation of CO 2 and H 2 O, « c , the activation of acetate, necessary for 
the condensation piocess which ends in citric acid formation, is a process 
which accordmg to Lynen (12) continues through the oxidative steps of the 
tricarboxjdic acid cycle 

The inhibition of pyiuvate metabolism seems to be limited to the 
oxidatue step In gonococci, in which pjruvate oxidation ends m the 
foimation of acetate + CO 2 , the mhibition produced by fluoroacetate uas 
less than half of the inhibition produced on the metabolism of acetate by 
yeast and Corynebacfemim a eahnovorans Furthermore some inhibition 
was obsened on addition of acetate, an mdication that fluoroacetate in- 
hibition may be due to the accumulation of acetate On the other hand, 
the inhibition produced by fluoroacetate on the oxidation of pyrui ate by 
bakers’ yeast almost appi cached that of acetate This powerful inhibition 
could be intei preted as being due to direct action of fluoroacetate on the 
activating protein of pyiuvic oxidase 

In the experiments vith Corynebaciertum crcahnovorans the mhibition 
of glycolic acid (CH 2 OHCOOH), of glyoxahc acid (CHOCOOH), and of 
glycine (CH 2 NH 2 COOH) oxidation can be considered as resembling the 
inhibition of acetic acid oxidation, i e , competitive inhibition, because 
the chemical structure and size of these molecules resemble those of 
CH 2 FCOOH The strong inhibition of malate and succinate oxidation by 
fluoroacetate was in marked contrast vath the lack of action on the isolated 
enzymes extracted from animal tissues Since the pathways of malate 
and succinate oxidation in these bacteria are not known, ue refrain fiom 
conjectuies Suffice it to recall that Slade and Werkman (17) have given 
evidence that Aerohacler indologenes can split succinate into acetate and 
that Kalnitsky ei al (18) have demonstrated the formation of succinate 
from acetate by a cell-free preparation of Escherichia call 

SUMMARY 

The oxidation of acetate by bakers’ yeast was completely inhibited 
when monofiuoroacetate uas added to yeast 10 minutes previous to the 
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addition of acetate When acetate nas added befoie monofiuoroacetate, 
there A\as no inhibition, an indication that fliioioacetate acts as a com- 
petitnc inliibitoi The inhibition was paitially released on addition of 
-more acetate This inhibiton^ powei is lestncted to monofluoioacetate, 
for none of the other halogen acetates, npi tiifluoroacetate, noi highei 
fluoro fatty acids had anj effect The inhibition seems to occur in the first 
step of acetate metabolism, as is showai bj the inhibition of citric acid 
sjTithesis fiom acetate and the accumulation of acetate dm mg the oxida- 
tion of glucose and of ethanol bj' bakeis’ yeast and by the e^ entual release 
of the inhibition 

The inhibition of pjimate oxidation b 3 fluoioacetate was strong m 
bakers’ jeast and not so maiked m gonococci, Eschenclna coh, and Coiyne- 
haclcnuvi o eaknovorans 

The oxidation of acetate, glj'colate, glyoxalate, glycine, malate, and 
sucemate bj" Corynehacicniim ci eahnovorans, as well as the sjmthesis of 
caiboh 3 ’'drate from acetate, w'as stiongl 3 ’^ inhibited by monofluoioacetate 
The possible mechanism of these inhibitions is discussed 
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EFFECT OF TEMPERATURE ON FADING OF THE CARR- 
PRICE COLORS OF VITAMIN A AND COMMON 
CAROTENOID PIGMENTS* 

Bv M J CALDWELLt and J S HUGHES 
{From the Kansas Agricultural Experiment Station, Manhattan) 

(Received for publication, June 5, 1947) 

The transient character of the blue color produced by the interaction of 
vitamin A ivith a chloroform solution of antimony tnchlonde has been 
recogmzed since the introduction of the reagent by Carr and Pnee (1), and 
has been considered to be a moie or less serious fault inherent m the Carr- 
Pnee method for the estimation of vitamm A However, smee the m- 
troduction of the modem photoelectnc photometers, by means of which 
absorption measurements may be made withm a few seconds of the color 
development, the rapid fadmg of the color has become less objectionable 
Indeed, Oser et al (2) and Brew and Scott (3) have utihzed the rapidity of 
the fadmg of the vitamm A color developed by the Carr-Pnee reagent to 
differentiate it from the similar colors produced by the reagent with the 
carotenoid pigments which frequently accompany the vitamm in biological 
extracts Meumer and Raoul (4) have suggested similar methods to dis- 
jtmguish vitamms Ai and A 2 

Two physical factors, hght and temperature, are known to mfluence the 
rate of fadmg of the Carr-Pnee colors The effect of hght on the fadmg of 
the color due to the natural esters of vitamm A has been mvestigated by 
Caldwell and Parrish (5) An extension of this work to other forms of 
vitamm A and to the common carotenoids' has mdicated a much greater 
sensitivity of the vitamm A Carr-Pnee color to mtense illumination than is 
observed with the carotenoids Brew and Scott (3) make use of the de- 
structive effect of light m their techmque for the estimation of vitamm A 
m the presence of large amounts of mixed carotenoids 
Although several mvestigators have noted the effect of vanation m 
temperature on the development and fadmg of the Carr-Pnee colors uith 
vitainm A, m no case did the study extend to the vanous forms of the vita- 
mm or to the related carotenoid pigments Wokes and WiUimott (6), 
usmg the Lovibond tintometer, studied the fadmg of the Carr-Pnee colors 
With cod hver oil Their results are substantiated by those reported here 
with pure vitamm A Dann and Evelyn (7) have reported vanations m 

* Contribution No 333, Department of Chemistiy 
t Present address, Moorman Manufacturing Company, Quine j , Ilhnois 
' Caldwell, M J , and Hugbea, J S , in preparation 
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the intensity of color with temperature Norris and Church (8), making 
similar observations, have recommended the use of a constant temperature 
room m which to make the Carr-Pnce measurements It appears likely 
from the data presented heie that these early observations of less color at 
higher temperatures are the result of the mcreased fadmg rate at high tem- 
peratures rather than of a difference m the mitial color 

Procedure 

Materials — The Carr-Pnce reagent was prepared according to Koehn 
and Sherman (9) The antimony tnchlonde was dissolved in the purified 
chloroform at the rate of 22 5 gm per 100 ml of solvent The reagent 
was stored at room temperature in subdued hght and filtered before use 

Vitamm A as the crj'^stallme alcohol, crystallme acetate, and as the hqmd 
concentrate of the natural esters was used in the investigation Pnor to 
use, these were piesen'^ed m the dark at —20° Stock solutions m TJ S P 
chloroform were prepared, and from these smtable dilutions for the Carr- 
Pnce study V ere made 

The seven most common caiotenoid pigments listed by Zechmeister (10) 
were available These were a-carotene, /3-carotene, y-carotene, lycopene, 
cryptoxanthm, lutein, and zeaxanthm With the exception of y-caiotene, 
these were ob tamed from othei mvestigators or fiom commeicial sources 
The 7 -caiotene was prepared from the orange-colored jelly-hke mass ex- 
truded fiom the tihal galls of the common juniper durmg cool, damp 
weather Smits and Petei son (1 1 ) tentatively identified the yeUou pigment 
m this mass as y-cai otene by means of a Bausch and Lomb visual spectro- 
photometer Usmg an extraction and purification technique similar to 
theirs, except that heat and alkali vere avoided to mmimize isomenza- 
tion, the authors obtamed a coucentiated extract havmg an absorption 
spectrum (Beckman) correspondmg closely to that of the partially isomer- 
ized 7 -carotene reported by Zechmeister (10) 

All of the pigments were stored at —20° until used Solutions m 
U S P chloroform of approximately 100 y per ml were prepared for the 
Carr-Pnce study The concentiation and punty u ere established in all 
cases by reference to the spectral data found m the hterature (10, 12) 

Appaiatus and Methods — For this study a thennally controlled photom- 
eter was constructed This instrument i\ as similar to the Evelyn photom- 
eter (13), except that the cell holder was a double walled water jacket, 
havmg a wundow at the proper height to allow' the passage of hght from the 
lamp through the absorbmg solution to the photocell The absorption^ 
cells (Eveljm tubes), 620 mp filter, photoelectnc cell, and reflectmg gal- 
vanometer were the same as those supphed with the commercial Eveljm 
photometer (Rubicon) Auxihary equipment used m connection with the 
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colonraeter consisted of a constant temperature water bath, centrifugal 
pump to circulate water through the jacket, and a special water-jacketed 
inner ball valve pipette foi dispensmg the Carr-Pnce reagent at anj’- 
jhosen temperature 

The prelimmary calibiation of the photometer to 100 per cent transmis- 
sion was made vuth a nmtuie of 1 0 ml of chloroform and 9 0 ml of reagent, 
the mstrument and mixture bemg held at the desired temperature An 
Evelyn tube was then placed m position, and 1 0 ml of the chromogenic 
solution under test v as transferred to the tube and allowed to reach thermal 



Fig 1 Effect of temperature on the fading of the blue color of the Carr-Pnce 
reaction nuxture iiith vitamin A alcohol (solid line), vitamin A acetate (dash line), 
and vitarmn A concentrate of the natural esters (dotted line) The L values are 
m terms of the alcohol equivalent 

equilibrium Then 9 0 ml of the reagent at the same temperature were 
added rapidly from the special pipette, and absorption readmgs were taken 
periodically, startmg 6 seconds after mixmg Duphcate deterimnations 
Were made m all cases Fadmg rates at temperatures of 20°, 35 , and 50 
were determmed for each of the chromogens 
Galculattons — The photometric data were obtamed m terms of percent- 
age transmission These data were converted to the Imear function 
by the relation. 


2 — log ff 
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where G is the galvanometer readmg or percentage transmission, c is the 
concentration of the chromogen m the blue solution m per cent, and I 
IS the thickness of the absorbmg layer in centimeters This term corre- 
sponds to the E Jem commonly employed in spectrophotometnc work 
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Fig 2 Effect of temperature on the fading of the blue color of the Carr-Pnee 
reaction mixtures uith the hydrocarbon carotenoid pigments, a-carotene, p carotene, 
7 -carotene, and lycopene, at 20° (solid line), 35° (dash line), and 50° (dotted line) 

niSCTJSSION 

The results of this study are presented graphically m Figs 1, 2, and 3 
In these figures at 620 mp values are plotted agamst tune after mixing 
In Fig 1 the alcohol, acetate, and natural ester forms of vitamm A are 
plotted together for companson In Figs 2 and 3 the curves represent 
the fadmg curves obtained with the carotenoid-antimony tnchlonde com- 
plexes at temperatures of 20°, 35°, and 50° respectively It should be'' 
recogmzed that the L}^ values and the fadmg cuiwe obtained with a filter 
colorimeter or with a gratmg mstrument with equally wide wave band 
are to a degree a function of the mstrument used m the measurement (14) 
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Similar, although not identical, curves would be obtained with other in- 
struments 

The curves in Fig 1 reveal no major differences in the intensity oi in the 
-rate of fadmg of the Can -Pi ice colors of the vaiious forms of ^^tamln A 
By extrapolating the cunms to zero time, it appears that the maximum 
color IS developed almost mstantaneously, and is mdependent of tempeia- 
ture The rapidity of full color development m the case of vitamm A is 




Pig 3 Effect of temperature on the fading of the blue color of the Carr-Price 
reaction mixtures vnth. the carotenols, cryptoxanthin, lutein, and zeaxanthin, at 
(solid line), 35° (dash line), and 50° (dotted line) 


also indicated by the work of Gibson and Taylor (15) and Caldwell and 
Hughes (16) who used the “dynamic method” mvolving the use of a steady 
state of flowing leactants Marked differences in the fatog rates obserxm 
at the different temperatures are evident, and it is probable that th^ ac- 
'' counts for the early obseiwations of less color at higher temperatures From 
the data presented, it seems probable that normal variations ^ ™^em- 
perature would be msufficient to affect seriously the Carr-Pnce determina- 
tion, provided that the absorption measurements were made wi a ew 
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seconds of the mixing of the reactants A logarithmic plot of the data 
mdicates a first order reaction only at the lower temperature, with a shift 
to higher orders as the temperature rises 

In Fig 2 are presented the fadmg rate curves of the hydrocarbon caro- 
tenoids, a-caiotene, )3-carotene, 7-carotene, and lycopene These curves 
are characterized by a color development period rangmg from a few sec- 
onds, in the case of j8-carotene, to several mmutes m the case of lycopene, 
followed by a decrease to a plateau value Both the color-producmg and 
color-destroying reactions appear to be shghtly accelerated by the higher 
temperatures 

In Fig 3 are shown the correspondmg curves for the carotenols, crypto- 
xanthm, lutein, and zeaxanthm The cryptoxanthm curves closelj”- re- 
semble those of the other vitamm A-active carotenoids Lutem and zea- 
xanthin, however, are charactenzed by a slow development of color, strongly 
influenced by tempeiature At the higher temperatures the rise to maxi- 
mum color IS followed by an abrupt drop to the plateau values 

The difficulties encountered m the Carr-Price determmation of vitamin A 
m the presence of high concentrations of the carotenoids is clearly mdicated 
by a study of Figs 1,2, and 3 The absorption measurements are usually 
made withm 10 seconds of the mixing of the reactants Unfortunately this 
tunmg IS coincidental with the rapidly increasing portion of the color curves 
for several of the mterfermg chiomogens Under these conditions high 
precision is not to be anticipated 

Withm the range studied, the maximum mtensity of color due to the 
vitamin A is developed before any measurement can be taken, regardless 
of the temperature The rate of coloi development in the carotenoid- 
antimony trichlonde reaction mixture is suppiessed by low temperatures 
It would therefore appear feasible, by special low temperature techmques, 
to suppress the carotenoid mterference and make possible a satisfactory 
determmation of vitamin A m the presence of large amounts of the common 
carotenoid pigments 


SUMMARY 

1 Curves of the rate of fadmg at temperatures from 20-50° for the Carr- 
Pnce colors of three forms of vitamm A and the seven most common caro- 
tenoid pigments have been presented 

2 The maximum Carr-Price color of vitamm A m any of the forms 
studied IS produced with extreme rapidity, and appears to be independent 
of the temperature 

3 The rate of fadmg of the vitamm A Carr-Price color is strongly ac- 
celerated by an mcrease m temperature 

4 Color development and destruction m the Carr-Pnce reaction mixture 
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Anth the carotenoids is much sloAA'er than AAuth vitamm A Both processes 
are accelerated by higher temperatures 
5 A possible method for the determmation of Autamin A m the presence 
_,of large amounts of the caiotenoids by utilizing the differences m the 
kinetics of the reactions is suggested 

The authom Aiush to thank Dr L Zeclimeister, Dr John Porter, Dr 
G Mackmney, and Dr P L Harris for their contnbutions of the carotenoid 
and vitamm A preparations used m this study Further, we wish to 
acknoAvledge the technical assistance of Mrs Howard Hamhn Avho aided 
matenally m the project 
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THE RIBONUCLEASE ACTIVITY OF NORMAL AND 
PARASITIZED CHICK ERYTHROCYTES* 

Bt ZEUVLA BAICER MILLERf A^D LLOYD M KOZLOFFf 
With the Technical Assistwce of David Chombe 

{Prom ihc Naval Medical Research Insttlule, National Naval 
Medical Center, Bethesda, Maryland) 

(Received for publication, Apnl 25, 1947) 

The breakdoiTO of yeast nbose nucleic acid by crystalhne nbonuclease 
and tissue preparations has been studied by numerous mvestigators (1-8) 
How ever, there are few data on the nucleic acid metabohsm of microorgan- 
isms MaePadyen (9) reported that Bacillus suUihs can degrade yeast 
nucleic acid, and Woodward (10) studied the nbonuclease activity of 
Paskurella pestis No studies on the nucleic acid metabolism of malanal 
parasites have been reported 

The development of asexual forms of the malanal parasite m the red 
blood corpuscle is a rapid process This is associated with the synthesis 
of relatively large amounts of nuclear matenal, which can be readily dem- 
onstrated by standard staimng techniques The malanal parasite must 
therefore possess enzymes which can synthesize, and, presumably, degrade 
nucleic acids 

At the present time, malanal parasites cannot be cultivated in vitro, 
free of the red cell It is most convement, therefore, to compare the nor- 
mal and parasitized red blood cell in order to determme the activity of the 
parasite or the changes mduced in the normal cell by the parasitization 
process The study reported here deals with some aspects of the break- 
down of yeast nucleic acid by normal chick red blood cells, and by red cells 
parasitized by Plasmodium gallinaceum 

Methods 

Chicks neighing 50 to 75 gm were infected with Plasmodium gallina- 
ceum SuflScient blood moculum was used to parasitize lO to 90 per cent 
of all red cells in 7 to 10 days The ammals were killed by sevenng the 
jugular vem Blood from normal and parasitized chicks was heparinized 
by collection in a flask which contamed 1 to 2 mg of hepann for 25 
cc of blood After erythrocyte and parasite counts had been made, the 

* The opinions and conclusions contained in this paper are those of the authors 
They are not be construed as necessarily reflecting the \iei\s or endorsement of the 
Navy Department 

t Present address. Department of Biochemistry, Universitj of Chicago, Chicago, 
Illinois 
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blood was centiifuged at high, speed, the red cells were washed once with 
physiological sahne solution, hemolyzed ^nth appioximately 3 mg of 
saponin per billion led blood cells, and washed three times with physiologi- 
cal sahne The residual preparation, which consisted largely of cell nuclei 
or cell nuclei and paiasites, was diluted to contam the equivalent of 1 to 
3 billion red blood cells per cc 

Yeast nucleic acid^ iias punfied by piecipitation with 5 volumes of gla- 
cial acetic acid (4) The piecipitate was washed five times, by centrifuga- 
tion, vuth a mixtme of 5 imlumes of glacial acetic acid and 1 volume of 
water (10) , it was finally washed with alcohol, then ether, and was dried 
in au Fresh solutions of nucleic acid for experiments were prepared 
daily weighed quantities of nucleic acid were suspended in water and 
were dissolved by the careful addition of concentrated NH4OH to the 
desired pH, usually 7 0 

-V, For certain experiments on the late of inoiganic phosphoius formation, 
ip’c acid was hydrolyzed by autoclaving ivith NH4OH (11), it was 
ted once with charcoal and was then neutrahzed to pH 7 0 Even 
-filter treatment with chaicoal, the solution had a dark brown color This 
preparation, which vail be referred to as “nucleic acid hydrolysate,” con- 
tains both mononucleotides and tetranucleotides 

Incubations wei e cai 1 led out in Warburg vessels at 38°, usually foi 1 houi 
The atmospheie was an, unless otheiwise specified, and the volume was 
3 to 5 cc Veional acetate buffer (12) 01 bicaibonate buffer, pH 7 4, mth 
the propel gas mixtuie (95 per cent Oj-S per cent CO2, or 95 pei cent N 2-5 
per cent CO2), was used After the desired period of incubation, the con- 
tents of the vessels were piecipitated by the addition of an equal volume 
of 20 pel cent CCI3COOH or 0 5 per cent uranium acetate m 10 per cent 
CChCOOH (9) The filtrates lyeie analyzed for soluble phosphorus 

These two precipitants were used, smce they appear to fractionate, 
roughly, two different products in the breakdown of nucleic acid Since 
uranium acetate precipitates, almost quantitatively, all molecules larger 
than nucleotides (9), the phosphorus content of uranium acetate filtiates 
must lepresent nucleotide and inorganic phosphorus The amount of 
organic phosphorus found in 20 per cent CCI 3 COOH filtrates is considerably 
higher than that m uramum acetate filtiates It appears, therefore, that 
filtrates fiom solutions precipitated with 20 per cent CCI 3 COOH contam 
molecules laiger than nucleotides It is reasonable to assume that the 
additional orgamc phosphorus m CCI 3 COOH filtrates represents nucleic 
acid which has been merely depolymerized, probably to the tetranucleotide 
stage Further hj’-drolysis produces the nucleotide, which is soluble m 
uranium acetate solution 


1 Obtained from the Eastman Kodak Company or The Pleischmann Company 
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In all expel iments a nucleic acid blank solution A\as piepated and in- 
cubated in exactly the ‘-aine inannei as the cxpei imental solutions The 
blood prepni ation y as added to the blank vessel aftci the addition of the 
precipitant The piecipitated mixtures veie filteied thiough IVliatman 
No 42 filter paper The addition of a filtei aid, Filter-Cel,- made it possi- 
ble to obtam clcai filtiates aftei the addition of 20 pei cent CCI3COOH, 
although m some instances rejieated filtiations veie necessary 1 cc of 
filtrate vas digested vith 1 cc of pei chloric acid The digestion mixture 
y as diluted to a suitable a olume, usually 50 cc , and the phosphorus content 
of an aliquot yas determined bj' the method of Gomori (13) Inoigamc 
phosphorus yas determined diiectly on the filtiate by the same method 
In some experiments, the addition of molybdic acid foi the estimation of 
inorganic phosphoius caused the foimation of a yelloy piecipitate This 
could be filtered off readib', and did not mteifere yith the estimation of 
inorganic phosphate 


Results 

Comparison of N^ormal and Paiasihecd Hcmolyzed Red Blood Corpuscles 
Both normal and parasitized chick led blood cells possess enzymes ivhich 
degrade nucleic acid Enzymes of normal led cells can catafyze the fiist 
reaction, the depolymerization, m which CChCOOH-soluble phosphorus 
IS formed, but they produce compaiatively little of the second fraction, 
the lower molecular y eight, uranium acetate-soluble nucleotide Normal 
red cells liberate no inorganic phosphorus fiom nucleic acid On the other 
hand, parasitized cells contain enzymes which catalyze all three reactions, 
they produce high concentrations of both organic phosphoius ractions, 
and they liberate inorganic phosphorus Paiasitized cells form a os 
twice as much tetranucleotide phosphorus, and 4 to 5 times as muc i nu 
cleotide phosphorus, as a corresponding numbei of hemolyze noima ce s 
The amount of inorganic phosphorus formed by parasitize ce s is sma 
but Significant Some typical experiments are listed ^ ® 

Since the hydrolysis of nucleic acid is accompanied y ® ^ 
of phosphonc acid groups, there is an increase in aci ity 
measured manometrically as carbon dioxide pioductioii y °°° 
penments in bicarbonate buffer, pH 7 4, m an atmosp ere 0 ® 

N 2-5 per cent CO 2 Manometiic studies reveal a mar e j iipmo- 

rate of acid production from nucleic acid by hemolyze norma 

lyzed parasitized cells (Fig 1) Parasitized cells aly ays show a p 

ous acid production in the absence of added substrate, 

than that shoym by normal cells The addition 0 200 

m a total volume of 3 cc caused a slight inhibition of the spontaneous 

* Johns-Manviile 
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acid production by normal cells, and a marked stimulation of acid produc- 
tion by parasitized cells Since chemical estimations reveal that hemo- 
lyzed normal cells can depolymenze nucleic acid but cannot hydrolyze it 
to morgamc phosphate, the manometric results suggest that the phosphoric 
acid hydroxyl group hberated in depolymerization cannot be detected in a 
solution -which has the strong buffer capacity of nucleic acid The mano- 
metnc data are roughly an mde\ of the rate of complete hydrolysis to in- 
orgamc phosphate 

Manometric studies also reveal that washed parasitized corpuscles do 
not hydrolyze nucleic acid to morgamc phosphate before sapomn hydrolysis 
(Fig 2), smce the addition of nucleic acid to washed cells before hemolysis 
does not increase the rate of CO 2 evolution 


Table I 

Decomposition of Ribosc Nucleic Acid, Comparison of Hemolyzed Normal 
and Parasitized Cells 


lExperi 

tNo 

< 

Cells 

No of cells 
; per vessel 
X10> 

1 

Per cent 
parasitized 

CCUCOOH 
soluble P 

Uranium 
acetate soluble 
P 

Inorganic 

P 





y 

y 

y 

1 

Normal 

2 

0 

1385 

80 

0 


Parasitized 


85 

2830 

460 

21 7 

2 

Normal 

2 6 

0 

570 

120 

0 


Parasitized 


60 

1465 

450 

11 0 

3 

Normal 

3 5 

0 

672 

98 



Parasitized 


71 

2392 

549 


4 

Normal 

1 4 

0 

1120 




Parasitized 


67 

2140 



5 

Normal 

1 4 

0 

1260 




Parasitized 


83 

1880 




Total volume 4 cc , 100 mg of nucleic acid per vessel, veronal acetate buffer, 
pH 7 0 Incubated 1 hour at 38° 


'\^Tlen, instead of nucleic acid, nucleic acid which has been partially 
hydrolyzed by NH 4 OH is used as substrate, morgamc phosphorus and free 
acid are rap dly hberated by hemolyzed parasitized cells On the other 
hand, preparations of normal cells have practically no effect on this sub- 
strate (Fig 3) Most of the phosphorus in NBLiOH-hydrolyzed nucleic 
acid IS soluble m CCI 3 COOH It has been found that the rate of produc- 
tion of both morgamc phosphate and free acid is a function of the concen- 
tration of CChCOOH-sofufiZe phosphorus in the reaction vessel acid pro- 
duction, measured manometricaUy, reaches its ma-mnum at a concentration 
of approximate^ 5 mg of soluble phosphorus per 3 cc , inorganic phos- 
phorus does not reach a ma-^mum value even at a concentration of 10 mg 
of soluble phosphorus per 3 cc 
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Substrate Concentration — The optimum substrate concentration for nor- 
mal and parasitized hemolyzed erythrocytes was determined Different 
quantities of nucleic acid were incubated with the blood preparation for 1 
hour at 38°, and the concentration of soluble phosphorus was estimated 
after precipitation with the uranium acetate reagent Since the maximum 
phosphorus production occurs at a concentration of about 200 mg of nu- 
cleic acid m 3 cc (Table II), the optimum substrate concentration is approx- 
imately 0 03 M 



Fig 1 Rate of acid production from rifaose nucleic acid by hemolyzed normal and 
parasitized corpuscles O, normal control, X, normal + nucleic acid, □, parasitized 
control, A, parasitized + nucleic acid 

Fig 2 Effects of hemolysis on the rate of acid production from ribose nucleic acid 
O , washed, parasitized erythrocytes, □, washed, parasitized erythrocytes -f nucleic 
acid, X, hemolyzed parasitized erythrocyte. A, hemolyzed parasitized erythrocytes 
+ nucleic acid < 

Optimum pH — Material obtained from normal and parasitized cells fol- 
lowing hemolysis by saponin was incubated wth 100 mg of nucleic acid 
m a total volume of 4 cc for 1 hour at 38° Veronal acetate buffer was 
used to provide the desired pH The exact pH w^as determined by glass 
electrode on solutions prepared in exactly the same manner as the experi- 
mental ones Soluble phosphorus was determined after precipitation with 
uianium acetate or CChCOOH 

The optimum activity for both normal and parasitized cells was near 



no 
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pH 7 0 It was essentially the same for both the uranium acetate and 
CCI3COOH fraction (Fig 4) 



Fig 3 Acid produced and inorganic phosphorus formed from nucleic acid hy- 
drolysate in 1 hour O, COj formation (equivalent to acid) by hemolyzed normal 
blood, X, CO 2 formation by hemolyzed parasitized blood, □, inorganic phosphorus- 
hemolyzed normal blood. A, inorganic phosphorus-hemolyzed parasitized blood 


Table II 

Optimum Substrate Concentration 


Nucleic acid per 3 cc 

Uranium acetate soluble phosphorus 

Normal 

Parasitized* 

ms 

y 

y 

50 

127 

311 

100 

167 

456 

200 

188 

576 

300 

110 

560 


* 60 per cent Each vessel contained the equivalent of 1 7 X 10® red blood cells 
Bicarbonate buffer, pH 7 4, 95 per cent O -5 per cent CO Incubated 1 hour at 38° 


Effect of Heat — Smce it has been reported that nbonuclease from other 
sources is unusually heat-stable (1,3, 10), we have studied the nbonuclease 
activity of red cells after exposure to high temperature Suspensions 
of hemolyzed normal cells and hemolyzed parasitized cells were diluted 
with sahne to contain the same number of red cells per umt of volume, 



Fig 4 Effect of pH on the formation of uranium acetate and trichloroacetic 
acid-soluble phosphorus from nbose nucleic acid by normal and parasitized, hemo- 
Ijzed corpuscles O, trichloroacetic acid-soluble P, parasitized cells, O — , tri- 
chloroacetic acid-solublc P, normal cells, □, uranium acetate soluble P, parasitized 
cells, □ — , uranium acetate soluble P, normal cells 

Table HI 


Effect of Exposure to High Temperature on Rtbose Nucleic Acid Breakdown hy Normal 

and Parasitized Erythrocytes 


Expen 

ment 

No 

, Cells 

Cells per 
vessel X 
10» 

Ter cent 
para 
sitized 

Time of 
exposure 
at 100 

Uranium acetate 
soluble P 

CCliCOOH soluble P 







ptr cent 


per cent 

i 




tnttt 

y 

inhibition 


inhibition 

1 

Normal 

2 0 

0 

0 

72 


640 




1 

1 

20 

0 

100 

430 

33 

2 

U 

20 

0 

0 

134 








5 ; 

44 

67 




1 



20 

4 

97 



3 

Parasitized 

2 0 

86 

0 

460 


1210 



1 



5 

50 

89 

520 

57 





10 

60 

87 

560 

54 





20 

30 

93 

510 

I 58 

4 

Normal 

1 3 5 

0 

0 

120 


570 






20 

40 

67 

390 

32 


Parasitized 


60 

0 

450 


1465 






20 

42 

90 

545 

63 

5 

Normal 

3 5 

0 

0 

88 


672 




1 


5 

23 

74 

453 

33 





20 

22 

75 

372 

44 


Parasitized 


71 

0 

949 


2392 



1 



6 

113 

88 

852 

64 


1 



20 

113 

88 

552 

77 


Incubated 1 hour at 38°, 100 mg of nucleic acid per vessel , veronal acetate buffer 
pH 7 0 
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they were heated, unbuffered, m a boihng water bath for 5 minutes or 20 
minutes The coagulum so produced was homogemzed in a ground glass 
tube, and its actmtj^ w as compared wnth that of the controls 
Heating at 100° for 5 and 20 minutes caused 67 to 100 per cent inhibition 
of the production of uramum acetate-soluble phosphoius by both normal 
and parasitized cells (Table III) However, the formation of CCI3COOH- 
soluble phosphorus was inhibited only 30 to 40 per cent for normal cells, 
and 54 to 77 per cent for parasitized cells 

Table IV 


Effect of Quinacrine and Quinine on Decomposition of Rtbose Nucleic Acid 
by Parasitized Red Blood Cells 


Expcn 

mentNo 

1 

Experiment 

Cells per 
vessel X 
10* 

Percent : 

para- 

sitization 

Uranium 
acetate 
soluble P 

CCUCOOH- 

solubleP 

Inorganic P 





7 

7 

7 

1 

Control 

2 1 

74 

480 

1850 

• 


10~^ M quinine 



470 

1450 ! 



10~’ “ qumacnne 



485 

1800 



5 X 10"^ M quimne 




2225 



5 X 10”'' “ qumacnne 




2000 


2 

Control 

2 0 

72 

405 

1720 

21 4 


10”’ M quinine 



415 

1472 

16 1 

1 

10”’ “ qumacnne 



415 

1600 

20 2 

3 

Control 


70 


1780* 

49 0 


5 X 10”’ M quimne 




2100 

47 3 


5 X 10”* “ qumacnne 




2000 

46 0 

4 

Control 


78 


1750 



5 X 10”* u qumacnne 




1750 


5 

Control 


66 


1720 



10”’ M quimne 




1472 



10”’ “ qmnacrme 

■I 



1200 



Incubation time, 1 hour at 38° Buffer, veronal acetate, pH 7 4 100 mg of 

nucleic acid per vessel 


Effect of Inhibitors — The action of quinme and qumacnne on the ribonu- 
clease activity of hemolyzed parasitized cells was studied, smce both com- 
pounds are effective antimalanal drugs No significant consistent effect 
was observed on the formation of either uramum acetate-soluble phosphorus, 
CCljCOOH-soluble phosphorus, or morgamc phosphorus with 10“^ m 
quimne or qumacnne (Table IV) In several expenments an increase 
m the CCI3COOH fraction was observed with 5 X 10~^ m quimne and 
qumacnne Smce both concentrations are considerably higher than is 
normally attained in the blood stream, it is obvious that the action of these 
antimalanals caimot be related to the nbonuclease activity of the parasites 
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Since many enz5'matic reactions involving phosphate transfer are m- 
Iiibited by sodium fluonde, the effect of this inhibitor on the breakdown of 
nbose nucleic acid by hemolyzed normal and parasitized cells was mvesti- 
gated (Table 'NO 0 01 m NaF stimulated the production of CChCOOH- 
soluble phosphorus as much as 50 per cent (Experiment 2), but had httle 
effect on either uiamum acetate-soluble phosphoius or inorganic phos- 
phorus Manometnc studies mth bicarbonate buffer and an atmosphere 
of 95 per cent Nn-S per cent CO2 revealed that NaF did not influence the 
evolution of carbon dioxide when nucleic acid was the substrate, and, 
therefore, had no effect on the formation of free acid (Fig 5) 



Pic 5 Effect of NaF on acid production from nucleic acid by hemolyzed, par- 
asitized erythrocytes O, control, □ 0 01 ar NaF 

One experiment (Expenment 8) was performed with a nucleic acid hy- 
drolysate in which all the nucleic acid had been rendered soluble by auto- 
claving with NH4OH Only a slight inhibition by NaF of the production 
of inorganic phosphate was observed with this preparation as substrate 

0 01 M lodoacetic acid, a typical inhibitor of sulfhydryl enzymes, did not 
influence the formation of uranium acetate-soluble phosphorus or inorganic 
phosphorus (Table V) 

It has been reported (14) that the inhibitoiy action of certain diamidines 
on the growth of bacteria can be prevented by the mclusion of a relatively 
large amount of nucleic acid in the medium Moreover, some diamidines 
have an antimalarial action tn mvo (16) The effect of stilbamidme on the 
nbonuclease activity of the hemolyzed red blood cell has therefore been 
investigated Since stilbamidme precipitates at the pH usually emploj ed 
in these experiments, its effect was studied by mcubating hemolyzed red 
cells with solutions of stilbamidme for 30 minutes at a pH of 6 0, washing 
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thoroughly with sahne, and determining the residual activity of the tieated 
preparation towards nucleic acid Conti ol preparations were carried 
thiough precisely the same steps Inhibition i\as usually observed with 
preparations treated with 0 01 m stilbamidine In some cases, activation 
was observed after treatment ivith 0 001 m stilbamidine (Table VI) It is 


Table V 

Effect of 0 01 M Soduim Fluoride and lodoacclic And on Breakdown of Nucletc And 
by A^orntal and Parasitized Erythrocytes 


Experi 

mentNo 

ETpenment ' 

1 

Cells per 
vessel X 
10» 

Per cent 
para 

sitization 

Uranium 
acetate 
soluble P 

CCliCOOH 
soluble P 

Inorganic P 


1 



7 

7 

7 

1 

Control 

2 0 

72 

405 


21 4 


NaF 



415 


20 2 


CHJCOOH 



500 


18 2 

2 

Control 

1 0 

86 

615 

2250 



NaF 


i 

455 

3350 


3 

Control 

2 0 

0 


1750 



NaF 




1800 


4 

Control 

2 0 

0 


2300 



NaF 




2595 


5 

Control 

3 4 

39 



49 0 


NaF 




1 

36 0 


CHHCOOH 




1 

37 0 

6* 

Control 

3 2 

87 



129 


NaF 





90 

7* 

Control 

3 4 

77 



98 


NaF 





107 


CHTCOOH 


1 



111 

8t 1 

Control 

3 4 

39 



49 0 


NaF 


! 



35 9 

j 

CH ICOOH 


1 



37 2 


Incubated 1 hour at 38° Buffer, veronal acetate or bicarbonate, pH 7 4 Nucleic 
acid, 100 mg per vessel 

* The nucleic acid used in these experiments v as not reprecipitated The rate 
of formation of inorganic phosphorus was always faster from impure nucleic acid, 
presumably because of the presence of a greater concentration of intermediate 
breakdown products 

t The substrate was nucleic acid hydrolysate 

of interest to note that incubation mth a very high concentration of stil- 
banudme, 0 1 si, caused complete solution of the preparation, the resulting 
product tv as very viscous and resembled a solution of thymus nucleic acid ^ 

Ejffcct of Freezing and Thamng — Hemolysis of the red cell by sapomn 

’ This IS not too unexpected, since Dounce and Lan (16) have reported that the 
desoxjTibose nucleic acid content of the chicken erythrocyte is 45 per cent 
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produces onlj- a slight change in the morphological appearance of the nu- 
cleus and the parasite ^lost of the nuclei and parasites appear normal 
ivhen exammed after the apphcation of Giemsa stam It was of interest 
to determme whether rupture of the nucleus and parasite bj' freezmg and 
fhamng could liberate the enzj-mes and mcrease their actinty towards 
nbose nucleic acid Saponin-hemol3’’zed preparations Mere plunged m di^’' 
ice-acetone mixtures until frozen, and were thawed slowlj’- at room temper- 
ature This process was repeated three times The gelatinous mass which 
resulted was umformlj dispersed in a glass homogemzer Ko significant 
change m acbvitj’ Mas noted in either normal or parasitized blood after 
freezing and thaMung 


Tabus tT 


E^cci of Prdimtnary Inciihalton with Sltlbamtdine on Rihonuclease AcUtiiy of Hemo- 

lyzcd Red Cells 


Eipen 

ceatNo 

Coacea 
ImUon of 
stilbamidice 

Cells per 
ses-el X 
10* 

Per cent 
pamn 
UzaUon 

UnmiumaceUte olubleP 

CajCOOH soluble P 

' 


if 



T 

i)erctnt 

snhihihep* 

r 

percent 

tnhhhon 

1 

0 

2 2 

7S 

280 


1060 



10-‘ 



372 

+33 

1420 

-b34 

2 

0 

2 1 

SS 

330 


1120 



10-1 



120 

64 

250 

7S 


10-5 



230 

30 

930 

17 


lO-i 





470 

58 

3 

0 

2 1 

0 

90 


760 



lO-i 



40 

06 

550 

28 


10-5 



60 

33 

750 

1 


10-5 



100 

-5-10 

1000 

4-32 


Incubated 1 hour at 3S°, nucleic acid, 100 mg per \essel 
* The plus signs represent stimulation 


Efect of Anaerohtosis — ^The degradabon of nbose nucleic acid proceeds 
equally rapidly under aerobic and anaerobic conditions iMeasurements 
of CChCOOH-soluble phosphorus, uramum acetate-soluble phosphorus, 
and inorg ani c phosphorus have been made vrith both normal and para- 
sibzed bloods m veronal acetate buffer, pH 7 4, in an atmosphere of ox3"gen 
or mtrogen, and in bicarbonate buffer, pH 7 4, in an atmosphere of 95 per 
cent Oi-5 per cent CO> or 95 per cent X;-5 per cent CO2 hlanometnc 
studies also reveal no differences 

Effect of Prolongation of Incubation Period Incubation with nboae nu- 
cleic acid for long penods of bme reveals that the amount of uramum 
acetate-soluble phosphorus increases steadilj’ o\er a period of 4 hours 
6) The curve tends to flatten out somewhat, but the mcrease is 
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thoroughly MJth sahne, and determirung the residual actmty of the treated 
preparation towards nucleic acid Control preparations were earned 
through precisel} the same steps Inhibition was usually observed with 
preparations treated with 0 01 m stilbamidine In some cases, activation 
was obser^ed after treatment with 0 001 m stilbamidine (Table IT) It is 


Table t 

Effect of 0 01 a Sodium Fluoride and lodoacctic Acid on Breakdown of Nucleic Acid 
by Aornial and Parasitized Erythrocytes 


Eipcn 1 
mentNo j 

f 

Eipcnmwit 

1 Ceils per 1 
1 \c«=seIX i 
1 10* i 

Per cent 
para 

situation 

Uranium 
acetate 
soluble F 

CChCOOH 
soluble P 

Inorganic? 

i 




r 

r 

1 

1 

Control 

2 0 

72 

405 j 


21 4 


NaF 



415 j 


20 2 


CH-ICOOH 



500 


IS 2 

2 

Control i 

1 0 

86 

C15 

2250 



NaF 

I 


455 

3350 


3 

Control 1 

2 0 

0 


1750 



NaF 




1800 


4 

Control 

2 0 

0 


2300 



NaF 




2595 


5 

Control 

3 4 

39 



49 0 


NaF 





36 0 


CH-ICOOH 




1 

37 0 

6* 

Control 

3 2 

S7 



129 


NaF 





90 

7* 

Control 

3 4 

77 



9S 


NaF 




i 

107 


CH-ICOOH 

i 




111 

St 

Control 

3 4 

39 



49 0 


NaF 





35 9 


CH ICOOH 





37 2 


Incubated 1 hour at 3S“ Buffer, \ cronal acetate or bicarbonate, pH 7 4 Is ucleic 
acid, 100 mg persessel 

* The nucleic acid used in these e\pcriraents was not reprecipitated The rate 
of formation of inorganic phosphorus was alwajs faster from impure nucleic acid, 
presumabl} because of the presence of a greater concentration of intermediate 
breakdown products 

t The substrate was nucleic acid hj drolj sate 

of interest to note that incubation with a very high concentration of stil- 
bamidme, 0 1 m, caused complete solution of the preparation, the resulting 
product was very tuscous and resembled a solution of th 3 'mus nucleic acid * 

Effect of Freezing and Thamng — Hemol 3 ’’sis of the red cell by sapomn 

’ This IS not too unexpected, since Dounce and Lan (16) have reported that the 
desoxynbose nucleic acid content of the chicken erythroc 3 'te is 45 per cent 







, Table VII 

Effect of Prolonged Incubation on Formation of CChCOOH -Soluble Phosphorus 


Time of i ACCI.COOH- 

incubaUon soluble P 


Experiment 

No 

Cells per 
vessel X 10* 

Cells 

« 

Per cent 
parasi 
tization 

1 

2 0 

Normal 

1 

0 

2 

2 0 

tt 

0 

3 

2 5 

tt 

0 

4 

2 0 

tt 

0 

5 

1 4 

tt 

0 

6 

1 4 

<t 

0 

7 

1 3 

Parasitized 

48 


0 66 2284 


-1380 

-1280 

-900 


Veronal acetate buffer, pH 7 0, 38°, nucleic acid, 100 mg per vessel 
* ACCUCOOH-soluble phosphorus represents the difference between the 1 a d 
hour values A minus sign denotes disappearance of soluble phosphorus, and a plus 


Sign denotes an increase 
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steady and consistent Measurement of the CChCOOH fraction, however, 
shows that a peak value is reached within 1 or 2 hours, and that some of the 
CChCOOH-soluble phosphorus which had already formed disappears 
(Fig 6 ) In this expenment, a senes of vessels, prepared identically, con- 
taimng 100 mg of nucleic acid, veronal acetate buffer, pH 7 0, and 2 X 10’ 
parasitized red blood cells was incubated at 38° At vaiious times vessels 
were removed, the contents of the vessel were precipitated with uranium 
acetate solution or CCI 3 COOH, and the soluble phosphorus contents of the 
filtrates estimated 

A total of mneteen separate experiments have been performed m which 
the CCbCOOH-soluble phosphorus was estimated after 1 and 4 hours 
(Table "VTI) Both normal and parasitized cells have been studied In 



Fig 6 Effects of prolonged incubation on the formation of soluble phosphorus 
□ , CCI3COOH soluble phosphorus, O, uranium acetate-soluble phosphorus 

fourteen of mneteen expenments, the amount of CCbCOOH-soluble phos- 
phorus decreased, the decreases ranged from 20 to 1450 y In five experi- 
ments the values increased In only one case (Expenment 19) was the 
mcrease marked (540 7 ) Smee blanks on the nucleic acid were conducted 
m all these experiments, the change cannot be attributed to a reaction 
occumng independently of the cells 

DISCUSSION 

Our studies reveal that the normal chicken erythrocyte, hemolyzed by 
saponin, can depolymenze nbose nucleic acid but can effect little further 
breakdovm Since the hemolyzed normal chicken erythrocyte consists 
essentially of nuclear matenal, it may be concluded that the cell nucleus 
catalyzes the depolymen zation of nbose nucleic acid This is rather un- 
expected, since the work of Caspersson and others (17) suggests that the 



ACTIVATION OF SOY BEAN LIPOXIDASE* 

By MAHIAN W KIES 

{From the Enzyme Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture, Albany, California) 

(Received for publication, May 19, 1947) 

Some time ago oik m this Laboiator 3 ’^ on the oxidation of carotene ivith 
lipoxidase and unsaturated fat indicated the presence in soy bean extracts 
of a heat-stable, piotem-like compound uhich enhanced the activity of the 
enzjTne (1) This observation has been confirmed many times in our labo- 
latorj'^, m fact a puiified pieparation of “activator”^ is used routmelj’’ in all 
assa 3 '^s foi lipoxidase The presence of this so called activatoi m soy bean^ 
was demonstiated independently by Theoiell, Beigstrom, and Akeson (2) 
over a year aftei our first i epoi t of its existence Subsequently, Cosby and 
Sumner (3) stated that they were unable to observe any such effect wuth 
material from heated soy bean extracts This disci epancy w as found to be 
due to the mclusion of gum aiabic in their substi ate, which will be discussed 
later 

The function of the activatmg substance, oi substances, is admittedly 
still obscure It has been obsei ved to protect the enzyme from inactivation 
by shaking, and also from inactivation duiing the couise of fat oxidation, 
when a considerable poition of the enzyme was often lost (1) The effect 
may be mechamcal, and it certainly involves the substrate as w ell as the 
enzyme, for unless substi ate and activator aie mixed prioi to the intio- 
duction of enz 3 Tne, no activating effect is noted ® With large amounts of 
activatoi , inhibition is frequently obsei ved, an effect also noted by Theorell 
et al (2) Partially puiified as well as cnide pieparations of activatoi 
produce this effect, but of couise inhibitoiy substances may still be piesent 
Poi practical puiposes, theie is thus an optimum dose of activatoi for a 
given amount of fat The i atio of activatoi to substi ate w hich gives maxi- 
mum activation m the caiotene oxidation piocedure is highei than mthe 
oxidation of the primary substi ates alone That activation (or inhibition) 

* Enzyme Research Laboratory Contribution No 105 

1 The term activator is used here in the sense of a non specific substance which 
increases the activity of an enzyme, without any preconception as to the mode of 
action of the substance or substances 

* In some cases when the substrate concentration is very low, addition of the 
activator with the enzjTne causes activation, but the effect is never noted if the 
enzyme is added to the substrate prior to the addition of activator 
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Iipo\idasc and itsactnatoi on the ultiavioletabsoiption spectrum of Imoleic 
acid, but cxpeiimcnls \\eic made to see ^\hethei the activator meiely in- 
creased the absoi ption peaks pi eviously noted foi enzymatically oxidized 
Imoleic acid by^ Beigstiom (9), Holman and Burr (10), and Holman (11), oi 
changed the charactei istics of the absorption curve Oxygen uptake, perox- 


Table III 


Activation of Ltpoxidasc by Crystalline Material Isolated from Soy Beans 



Per cent carotene destroyed 
in 30 sec 

Enzjme alone 

2 

“ -f 0 06 mg crystals 

20 

‘ + 0 12 “ " 

26 

“ -f 0 30 " 

38 

“ -f 0 36 " 

39 

« + 0 0 » <• 

40 

“ 4-0 1 “ regular activator 

40 



Fig 3 Effect of activator on ultraviolet absorption f 
Imoleic acid Substrate, 5 mg of Imoleic acid, 2 5 ml of 0 05 n ^ 5 

H.O, and 2 5 ml of ! m phosphate, pH 6 5 4 rd of substrate, 5 25 ^ °f H.O, 

and 0 25 ml of enzyme (2 umts of lipoxidase), B, 4 ml of substrate, 0 5 nd of ac 
tivator (0 5 mg ), 4 75^ml of H=0, and 0 25 ml of enzyme The instrument used v as 
a Beckman quartz spectrophotometer with a 1 cm ce 


ide formation, and ultiaviolet absorption vere determined on compaiable 
enzyme substiate mixtures mth and vnthout activator It is sliovm i F g 
that absorption at 235 mp has merely been increased by the presenc of ac- 
tivator, inLatmg the formation of more of this oxidation product of Imoleic 
acid The effect of activator on absorption at 280 my is more marked tha 
Its effect on absorption at 235 m;a This is seen verj^ clearly if one compares 
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suggests that the t^^o aie not identical, although they both appeal to be 
polypeptide m natiiie 


Table II 

Outline of Lipoxidaie PunficaUon* and Isolation of Cryslallme Maienal from Soy 
Beans Capable of Activating Lipoxidase 



Units of Iipoxidase 

I 10% suspension of defatted soy bean meal in 0 2 ji ace- 
tate buffer, pH 5 0, centrifuged, 2 4 kilos gave 19 liters 
supernatant 

2,720,000 

II Supernatant pH fi 5-7 0 and 0 5 saturated with 
(NH*) & 04 , left m refrigeratoi overnight, centrifuged, 
ppt suspended in 3 liters water, centrifuged again and 
insoluble portion discarded 

! 2,360,000 

1 

i 

i 

III Solution dialyzed 60 his at 5° with 5 or 6 changes of 
distilled water (3 75 liters) i 

1,630,000 

W 4dju^ted to pH 5 1 with st acetic acid, inert ppt cen- j 
tnfuged out (3 4 liters) 1 

1,700,000 {370t) 

' 70 nil 2% 3 east nucleic acid, pH 5 0, added in cold, j 
'centrifuged, supernatant neutralized and barium ace- ! 
tato added until supernatant gave no more ppt with 
excess Ba'^, 154 gm (NHiliSOi added and suspension 
loft m rofngerator overnight, centrifuged (3 25 liters) 

1,625,000 

1 

VI Solid (XHi) SOi added to 0 35 saturation, saturated 
(MHO^SOi added slowlj' with inechamcal stiinng to | 
0 40 saturation, filtered, ppt dissolved in 76 ml w'ater 

! 950,000 

VII Saturated (NH<)«SOj added to filtiato to 0 6 
saturation, filteied, ppt dissolved m 40 ml water, | 
filtrate discarded 

444,000 

I 

VIII Solutions from VI and VII dialj zed 4S hrs against 

VI, 580,000 (405t) 

cold distilled water 

VII, 444,000 (550t) 

IX Marked sheen in fraction fiom VI during dialjsis. 

No hpoMdase activitj' 

thin rectangular colorless plates, very insoluble in 
water, removed from soluble material by centrifuging, 
more cijstals formed when supernatant was left m cold 

in crystals 

X Supernatant from IX (rod shaped bacteria present) 

460,000 

Total enzj me recox cred from preparation 

904,000 (33% of ongi- 
nal) 


* The enzime preparations used in tJie activation experiments were obtained by 
methods sinidar to the one outlined above except that step (t^) w as omitted In a 
tjpical procedure after ammonium sulfate fractionation the dialyzed protein so- 
lution was treited with purothiomn or protamine sulfate, which precipitated inert 
maten \1 and usuallj doubled the specific activity of a given preparation 
t Specific activity as units of lipoxidase per mg of protein mtrogen 

Efftd of Acinatoi on VUiaviolcl Absoi'ptton Spedrim of Enzymahcalbj Oxi' 
dized Lxnoktc Acid — Xo attempt was made to studj" m detail the effect of 
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Fig 5 Comparison of O'^ygen uptake, cliromopliore production (235 mju), and 
peroxide formation in lipo\idase-o\idized Imoleic acid The enzyme, activator, 
and substrate amounts are given in Fig 3 but the solutions used for oxygen uptake 
and peroxide determinations nere not diluted further as indicated there This 
dilution vas necessary for the spectrophotometric measurements 


Table IV 

Effect of Activator on Ethyl Linoleate Oxidation 


Experiment 

Peroxide formation 

M cq Fc'^ per mar ethyl linoleate 

5 mm 

15 mm 

24 mm 

A No activator 

1 mg activator per 10 mg fat 

B No activator 

1 mg activator per 2 mg fat 

m 

0 087 

0 12G 

0 096 

0 144 

12 mm 

30 mm 

2} hrs 

■■ 


m 

Determined on same solutions used in B 

No activator 

1 mg activator per 2 mg fat 

Oxjgenuptolc 

mar Or per inir eth>I linoleate 

12 mm 

30 mm 

2S hrs 

0 315 

0 055 

0 645 

0 2S0 

0 780 

0 405 


Experiment A, 1 mg of ethyl linoleate, 0 1 mg of activator, and 0 4 unit of 
hpoxidase per ml Experiment B, 0 2 mg of ethjl linoleate, 0 1 mg of activator, 
and 1 2 umts of lipoxidase per ml The concentrations of buffer and acetone were 
the same as in Fig 4 

) 
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tiie ratios of Atiso for the activated and unactivated reactioi^ With- 
out aetivatoi the ratios are 8 2, 9 5, and 15'4 at 5, 10, and 22 minutes, 
lespectively, mth activatoi, th^ coiiespondmg ratios are 4 5, 6 1, and 49, 
lespectively Beigstiom has pointed out that the enzymatic oxidation of 
linoleic acid differs from autoxidation m the production of some compound 
which absorbs in this legion ® Beigstiom’s pieparations contained activa- 
tor WTien activatoi n as omitted (Pig 3), the formation of this compound, 
believed by Bergstiom to be an unsatmated ketone, was negligible 
Effect of Actwato} on Oxygen Consumption and Pci oxide Formation — ^The 
presence of activator maikedly mci eased the late of enzymatic oxidation 



Fig 4 Effect of activator oe peroxidation of linoleic acid and ethyl Imoleate with 
lipojadase Peroxide values are expressed as rmlhequivalents of Pe"*^ per nui of 
substrate Substrate, 5 ml of acetone containing 10 mg of linoleic acid or ester, 
37 5 ml of HiO, 2 5 ml of ^ m phosphate, pH 6 5, and 5 ml of activator solution or 
HiO as indicated Enzj me, 2 5 umts of lipoxidase per mg of substrate Solid lines, 
vnthout activator, broken lines, with 0 1 mg of activator per mg of substrate The 
results were essentially the same if the amount of activator was increased 3 to 5 
times, although larger amounts of activator were a little less effective than the 
amount shown on the graph 

of linoleic acid, as is evidenced by consumption of oxygen (Pig 1) and the 
foimation of peroxide (Fig 4) Dunng the coiuse of the enzymatic oxida- 
tion of linoleic acid, the latio of peroxide foimed to oxj'^gen absorbed was 
constant m a given expenment, pionded the actnatoi i\as present in 

' The formation of a compound absorbing in the region of 270 to 280 mja is not 
necessanlj confined to enzymatically oxidized linoleic acid, however Holman and 
Burr (12) and Bolland and ICoch (13) have observed its formation in autojadized" 
preparations Holman (11) states that the only difference he has found between the 
products of cnziTuatic oxidation and autoxidation of ethyl Imoleate is the increased 
Btabihtj of the former toward alLah Most authors agree that the compound which 
absorbs m the region 270 to 280 mft is probably a decomposition product of the pnmary 
V oxidation product 
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enzjTne ■when the reaction iias followed for several hours The possible 
implications of these data vill be discussed in a later papei 

Etlij 1 hnoleate forms pci o\ide much less readilj" than linoleic acid and in 
- this lespect u as less i esponsive to activator At times a slight amount of 
activation could be demonstrated, but moie often the effect observed was 
inhibition (Fig 4 and Table IV) 

Effect of Activator on Carotene Oxidation — In contiast to the effect of the 
enzjune on the hpides alone, carotene, when it is present, is oxidized by 
hpoxidase through ethyl hnoleate faster than through hnoleic acid (Table 
^0 This may be an example of the observation of Sumner (14) that con- 
ditions which slow the rate of peroxidation by the enzyme cause a greater 
carotene oxidation In the presence of carotene the activator has been 
found to accelerate the oxidation in each case, but the oxidation is still not 
as readilj’’ transmitted to carotene through hnoleic acid as through its ester 

Peroxide in the ethyl hnoleate increases the rate of carotene oxidation 
by hpoxidase without activator (Table V) The use of highly peroxidized 
ethyl hnoleate as the primary substrate would thus tend to mimmize the 
observed effect of the activator In the extreme case, no activation at all 
Mould be observed Since the effect of activator on the rate of carotene 
oxidation vith ethyl Imoleate is thus similar to the effect of preformed 
peroxide in the primary substrate, it is believed that the activator has some- 
thing to do Muth the formation or the use of fat peroxide 

SUMMARY 

A crystalline polypeptide which enhances the oxidation of carotene-ethyl 
Imoleate by hpoxidase has been isolated from soy beans, but is apparently 
different fiom the amorphous material previously described 

A substance similar to the activator (or activators) present in soy beans 
has been demonstrated in gum arabic, an exudate from the acacia tree 
The use of this gum as an emulsion stabilizer by Cosby and Sumnei may 
account foi their failure to demonstrate the activation of purified hpoxidase 
preparations 

Preliminary experiments suggest that the activator is concerned mth the 
formation of a compound from hnoleic acid which absorbs m the region of 

280 mjLi 

As shown by the foregoing data, the substance or substances vhich 
stitute this “activator ” of soy bean hpoxidase may produce under favorable 
circumstances and mth purified enzjune a very great acceleration of the 
reaction, often amountmg to 300 per cent All of the reactions credited to 
hpoxidase (oxygen uptake, peroxide formation, and carotene oxidation) 
appear to be accelerated, but a most puzzling feature is that they are not all 
accelerated equally, and furthermore there is a marked difference between 
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optimum amount When activator u as omitted, both peroxide formed and 
oxygen absoibed u ere less and the inciease m peroxide value v as no longer 
pioportional to the oxygen absorption Bergstrom also found that the 
ratio of peroxide value to ox 3 'gen uptake was constant in a given experiment 
(vhen activator was piesent and the dose of enzyme vas progressively m- 
creased) and concluded that all of the absoibed oxygen uas present as 
peroxidic gioups W^'e have hesitated to attach much significance to the 
Fe Oo ratios because of the inadequacies of the peroxide method (c/ Lea 
(5)) and because the value of the ratio varied from one experiment to 
another 


Table V 

Activation of Carotene Oxidation, Effect of Primary Substrate 


Pruaaiy substrate 

Actuator 

Ter C( 

30 sec 

;nt carotene 03 

1 nun 

:idized 

2 mm 

A Fresh ethyl hnoleate (peroxide 

! 

13 



value 0 04 m eq per mii) 

1 




it a 

+ 

54 



Id ethyl hnoleate (peroxide value 1 86 


38 



eq per nui) 





, tt ft 

-h 

63 



B Fresh ethyl hnoleate solution 

— 

9 

16 

26 

(C tt tf tt tt 

+ 

44 

I 78 

! 95 

Old ethyl hnoleate solution 

— 

37 

50 

64 

tt it tt it 

+ 

57 

82 

95 

Fresh hnoleic acid solution 

— 

6 

7 

15 

ft tt tt tt 

+ 

6 

10 

39 

C * Fresh ethyl hnoleate solution 

— 

72 

82 

90 

tt ft tt tt 


[ 85 

94 

(100) 

Fresh hnoleic acid solution 

-- 

12 

37 

98 

tt tt tt tt 


6 

20 

77 


* 3 times as much enzyme as used in Experiment B 


Undei the conditions of the expeiiment described in the pievious section, 
peroxide formation and absoiption at 235 my vere not directly proportional 
to oxygen uptake, ex^en m the piesence of activator (Fig 5) These solu- 
tions were ex-tremely dilute, thus alloning more complete oxidation (on the 
basis of oxygen absoibed per mole of substrate) than is usually obsei ved 
with hpoxidase This may account for the lack of proportionality 
Holman (11) has found that absoiption at 235 my may actually deciease^ 
xnth inci eased oxygen uptake in enzymatically^ oxidized fats Recent work 
in this Laboratory has indicated that a greater degree of pet oxide destruc- 
tion, as well as pei oxide formation, occiuied wnth incieasmg amounts of 
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obtained m several experiments, although there is considerable vanation 
from one experiment to another m the exact concentrations required for 
growth For half maximal turbidity at 24 hours Lactobaallus arahtnosus 
- required m this experiment the indicated concentration of any one of the 
follomng compounds PABA 0 000035 y pei m' , PABG 0 00013 7 pei 
ml , pteroic acid 0 00026 7 per ml , pteroylglutamic acid 0 001 7 per ml , 
pterojdtriglutamic acid 0 023 7 pei ml , glutamic acid pol3q)eptide of PABA 
0 32 7 per ml , thymme 13 7 per ml The oigamsm attamed maximal 
growth after 40 hours mcubation with 30 7 of thymine pei ml Maximal 
acid production of about 9 5 ml was obtamed with each of the compounds 



Fig 1 The response of Lactobacillus arabinosus to compounds related to p-amino- 
benzoic acid #, p aminobenzoic acid, O, p aminobenzoylglutamic acid, A, pteroic 
acid, ■, pteroylglutanuc acid, □, pteroyltriglutamic acid, ▼, glutanuc acid polypep- 
tide of p-aminobenzoic acid, X, thymine Tubes contaimng no added supplement 
produced a deflection of 4 to 6 

PABA IS therefore the most active compound of the group The activities 
of the pteroic, pteroylglutamic, and pteroyltriglutamic acids are more diffi- 
cult to assess because of the occurrence of free arjdamme in these prepara- 
tions (1) In this test the pteroic acid sample vas 13 per cent as active as 
PABA, whereas its content of free PABA was 6 per cent The activitj’’ of 
4he pteroylglutamic acid sample (3 5 per cent) is also greater than that 
predicted from its content of free arylamme (0 5 to 10 per cent) An- 
other sample of pteroylglutamic acid wduch contained less than 0 2 per 
cent of free arjdamme possessed 2 per cent of the actmty of PABA How - 
ever, it cannot be concluded from these data that these compounds possess 
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hacilhis ardbinosm, have shown that adenine is a product of the action of 
an enzyme system m which PABA functions 

In view of these reports it w as of mterest to study the mterrelations of 
sulfonamides and PABA, pterojdglutarmc acid, and related compounds in 
the nutntion of LadohaciUiis arahtnosus Smce certam strams of this 
orgamsm require preformed PABA for growth (7), the vanous compounds 
could be tested for their abdity to replace PABA m promotmg growth 
The antisulfonamide activity of the compounds was also detenruned In 
the later stages of the work it became possible to conduct some prehmmaiy 
experiments with the stram of Streptobadenum planiarum used by Auha- 
gen 

The results obtamed with these two organisms are presented m this 
paper 


EXPERIMENTAL 

The basal medium, compounds, and general techmques used in this 
mvestigation have been prenously descnbed ( 1 ) Stock cultures of 
~-Ladobacillus arabtnosics 17-5^ and Sireptohadeninn plantarum lOS® were 
I tamed on meat infusion agar The stock stram of Ladobacillus arab- 

osus was purified bj' platmg several tunes on the meat infusion agar and 
selectmg colomes which on subculture grew slowly m the absence of added 
PABA The stram of Slreptobadenim planiarum was not purified by 
platmg, smce it was desired to duplicate as closely as possible the conditions 
of Auhagen Both organisms grew' slowdy m “AC broth” (Difco) and a 
sigmficant carryover of PABA was observed w’hen such cultures were used 
to prepare mocula In a PABA-free medium the growi-h of both organisms 
readily became mdependent of added PABA Therefore, the cel's to be 
used as mocula were usually grown m the basal medium ( 1 ) contammg 
0 001 7 of PABA per ml The cells of Ladobacillus arabinosus thus ob- 
tamed attamed about 5 pei cent of maxunal grou'th after 40 hours m the 
unsupplemented basal medium, whereas 15 to 20 pei cent maximal growth 
occurred wnthm 24 hours with Sirepiobacienum planiarum Either or- 
gamsm grew well wTthm 24 hours m the presence of 0 001 7 of PABA 
per ml 

The acid production by the organisms was generally measured m the 
vanous experiments However, such data are mcluded m only a few m- 
stances, smce the 1 esults w ere m essential agreement wnth the turbidity data 

Results vnih Ladobacillus arahtnosus 

The growth response of this orgamsm to a senes of compounds related 
to PABA IS shown m Fig 1 The results gi\ en are characteristic of those 

’ Lactohactllus arabmosus 17-5 is No 8014 and Strcptohaclerium plantarum lOS is 
No 10012 of the American Type Culture Collection 
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suggests that PABG is utihzed by Ladohacillus arahinosus only after con- 
version to PABA It IS of interest that adaptation to growth in the un- 
supplemented basal medium appeared to be more frequent m the presence 
of hmitmg concentrations of PABG thon of PABA 
The effect of the addition of punnes on the growth of Ladoiacilhis 
arabinosus with PABA, pteroylglutamic acid, or thymme is illustrated by 
the data of Table II The punnes are not essential for growth m the pres- 
ence of PABA or pteroylglutamic acid However, other experiments 
ha\e shown that their addition mcreases the rate of growth and reduces 

T\ble II 


Efjccl of Pi nnes and Punntdincs on Response 
of Lactobacillus arabinosus to Tktjm'tnc* 


Thynme 

Other sirpplcnents 

I 

i- 

I 

Tnrb dity readmes 

24 hrs ] 40 hrs 

64 hrs 

7 per r-J 

i 

T P'r r-J 





' 


0 

' 4 

10 


p-Aminobeuzoic acid j 

0 0001 

24 

105 

110 


Pteroilclutamic “ 

0 01 

21 

90 

106 

100 

i 

1 

O 

5 

16 

100 

Ademne (A) ) 

10 I 

22 

SO 

1 110 

100 

Guanine (G) 1 

10 1 

3 

35 

97 

100 

Xanthine (X) | 

10 

4 

56 

lOS 

100 

Hypoxanthine (H) 

10 

32 

lO-T 

112 

100 

Uracil (U) 

10 1 

2 

14 


100 

4, G, X, n, U 

5 (Each) 

s 

61 

110 

1 

(< <( ti 4( 

5 “ ' 

3 


IS 


* The punnes and uracil were omitted from the basal medium for this experiment 


the quantitative requirement of PABA or pteroylglutamic acid It has 
heen observed previously that both thymine and a purme are necessary to 
replace pteroylglutarmc acid for the growth of Streplococciis faecahs R and 
LadobacUlus casei (1, 9, 10) LndobaciUus arabtnosiis, similarly, did not 
grow unless both thiTiune and a purme were present Hi*poxanthme has 
generally been the most active purme, although growth occurred withm 64 
hours m the presence of ani* of the four tested The addition of uracil 
permitted some mcreased growth m this experiment but its acbon has been 
irregular m other tests In view of the variable growth occurrmg m the 
control tubes it is uncertam whether or not uracil is able to replace the 
punnes partialli’ 

A detailed studv was made of the activity of the compounds related to 
PABA m antagonizmg sulfonamide inhibition of Ladobscillus arabiTiosus 
SP was chosen for most of these experiments because of its use by Teply 
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intrinsic growth-promoting actmty, smce they might be utihzed only after 
degradation to PABA The growth-promotmg activity of the pteroyl- 
triglutamic acid and of the glutamic acid polypeptide of PABA could well 
be due to contamination with free arylammc 
While the concentration of thyrame required to support growth is rela- 
tively lugh, tlus actmty does not appear to be due to impurities Tivo 
different samples of synthetic thymme have shmvn identical potency 
The acid stabihty and ether msolubihty of the active material also support 
this conclusion A solution of thymine (1 mg per ml ) m 4 n HCl was 
autoclaved for 1 hour at 15 pounds pressure The activity of tlus solution 
m supportmg the growth of Lactobacillus casei or Sireptococcus faecahs R 
was not alteied by this treatment Over 95 per cent of the activity of a 
solution contammg 1 7 of pteroylglutamic acid pei ml was destroyed by 


Table I 

Growth Activity of p Aminobenzoie Acid and p-Aminobcnzoylglutamic Acid 
for Lactobacillus arabinosus 


Eipetunent No 

Hrs incubation* 

Requirements for half maximal growth 

1 moles per liter X 10*® 

PABG 

PABA 


1 

PABA. 

PABG 

I 

23 T 

4 1 

17 

4 1 


42 “ 

1 3 

2 7 

2 1 


05 “ 

0 65 

1 1 

1 7 


65 A 

0 65 

1 1 

1 7 

II 

19 T 

5 3 

21 

4 0 


27 " 

2 3 

4 8 

2 1 


67 A 

1 

0 54 

0 68 

1 3 


* T , turbidity as grow th criterion, A , acid production as growth criterion 


this procedure Also, e\traction of a thymme solution (1 mg per ml ) 
five times at pH 3 5 with equal volumes of ether did not change its activity 
m promotmg the growdh of the test stram of Lactobacillus arabinosus or 
of a mutant stram of Eschenchia coli that requires PABA for giowth (8) 
When a solution of 0 1 7 of PABA per ml was extracted under these con- 
ditions, its actmty for either organism decreased more than 90 per cent 
Thus the ability of thymme to replace PABA for the growth of Lacto- 
bacillus arabinosus is probably not due to contammation with PABA or 
pteroylglutamic acid 

A more detailed companson of the activities of PABA and PABG is'' 
presented m Table I On a molar basis about 4 times as much PABG was 
required as PABA at 19 to 23 hours When giowth at 3 days was used as 
the cntenon, the actmty of PABG approached that of PABA This 


Minimal effective conccntation of antagonist* 
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et al (3) m their study of antagonism by hver extracts Similar results, 
which wdl not be presented m detail, have been obtamed with SA and SD 
Teply et al observed a partial antagonism of SP by mcotmic acid and nico- 
tmamide Under our conditions the inhibition of Lactobacillus arahinosus 
by 10 T of SP pel ml was not antagonized by the addition of either com- 
pound at concentrations of 0 1 to 300 y per ml 

Table III presents the results obtamed with the vanous antagomsts 
The concentrations required for maximal growth, t e complete antagonism, 
were about 3 tunes those mdicated for half maximal effect The action of 
PABA was competitive over a 1000-fold range of SP concentration PABG 
appeared to be at least as active as PABA m antagomzmg 1 7 of SP per ml 
However, when subcultures were made from the washed cells of the various 
tubes of both senes mto the unsupplemented basal medium, the results 
mdicated that adaptation had occurred with the lower levels of PABG 
That is, good growth occurred m these subcultures withm 16 hours This 
may be the reason for the apparent high activity of PABG under these con- 
ditions TWieQ the concentration of SP was increased the antagonism by 
PABG became delayed and mcomplete The action of 1000 7 of SP per 
ml was not prevented by the addition of 1000 7 of PABG per ml , the high- 
est concentration which was not toxic m the absence of SP These facts 
mdicate that PABG is utihzed by Lactobacillus arabinosus only after con- 
version to PABA and that this conversion is itself prevented by SP concen- 
trations above about 100 7 per ml The data of Table I on the relative 
growth activity of these compounds are m agreement vuth this hypothesis 

The antagonism by pteroyltiiglutamic acid, pteroylglutamic acid, and 
thymme is non-competitive SP is completely inactive m the presence of 
the mdicated levels of these compounds The pteroic acid sample showed 
competitive antagomsm and its activity is approximately that to be ex- 
pected from its content of free PABA The shght antisulfonamide activity 
of the glutamic acid poljqieptide of PABA could well be due to traces of free 
PABA m the sample 

Lactobacillus arabinosus was transferred fom times m the unsupplemented 
basal medium to obtain a stram which grew at a normal rate m the absence 
of PABA, etc , and which presumably is able to sjmthesize these compounds 
The antagomsm of the action of SD and SP on such a culture was also 
studied The data of the test m which SD was employed are presented m 
Table IV The results were similar to those obtamed vuth the parent 
stram 


Results vnth Streptohactenum plantarum 

The basal medium and techmques used by Auhagen (4) were duphcated 
as exactly as possible for the experiments with this organism The medium 
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Diagram 1 


Possible Relaltons of p-Amtnobenzoic Acid and Related Compounds 
in Bacterial Metabolism 


/ 

PABA 



precursor 


Inhibited by high 
sulfonamide 
concentrations 


( 1 ) 

PABG (added) 




Pteroic acid ^ 


pteroyltri- 

glutamic 

acid 


(3) 


Thymine - — thymine X ^ 


(3) 


precursor 


Growth 

The results obtained thus far ivith the group of compounds discussed here 
appear to be explamed best by the scheme presented m Diagram 1 Thus 
pteroylglutamic acid (or a closely related compound) is synthesized from 
PABA and this synthesis is mhibited by the addition of a sulfonamide 
While It IS mvitmg to postulate that either PABG or pteroic acid is an 
mtermediate m this synthesis, the data do not offer support for this hy- 
pothesis In expenments uath the enterococci, PABG was mactive in 
sulfonamide antagomsm under conditions m which both PABA and pteroyl- 
glutamic acid were active Also the data of the present paper “dmate that 
added PABG is utilized for growth only after degradation to PABA (re- 
action (1)) This degradation seems to be of limited occurrence since it is 
only with the two organisms studied here that PABG has been shoum to 
possess sigmficant activity The mactivity of pteroic acid m ^Ifonamide 
antagomsm is also difficult to explam by this hyTothesis With strams of 
enterococci requirmg preformed pteroylglutamic acid or grow , e con 
version of pteroic acid to pteroylglutamic acid, v c pres^a y occum, 
did not appear to be prevented by sulfonamides ^ ith Lactobacillus arabi- 
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of any one of the following was required PABA 0 00005 y per ml , PABG 
0 0005 y per ml , and pteroylglutamic acid about 0 003 y per ml These 
results are similar to those obtamed with Lactobacillus arahinosus 
No explanation can be advanced at present for the discrepancy between 
our results and those of Auhagen Some differences in the strain of organ- 
ism or techmques used probably still exist However, the relations between 
PABA, pteroylglutamic acid, and the sulfonamides appear to be the same 
m Lactobacillus aralnnosus and Sireptobactenum plantarum 

niscussioN 

The antagonism of sulfonamide inhibition by PABA is competitive, 
whereas that observed mth pteroyltnglutamic acid, pteroylglutamic acid, 
' and thymme is non-competitive One must therefore conclude that the 
orgamsm can use the pteroyl compounds directly m its metabohsm The 
concentration of thymme required for growth is essentially the same m the 
presence and m the absence of a sulfonamide However, the concentra- 
tions of the pteroyl compounds required are considerably less m the absence 
of the sulfonamides This is probably due, especially with the less active 
1 y tnglutamic acid, to the free arylamme which they contam The 
■ vuh-promotmg activity of this arylamme is competitively pi evented by 
the sulfonamide Hence the concentration of the pteroyl compounds 
required for antagonism of the SP is probably the truer measure of their 
growth-promotmg activity Thus ivith the organisms studied here, as ivith 
the enterococci (1), pteroylglutamic acid, pteioyltnglutamic acid, and 
thymme appeal to be products of enzyme systems m which PABA is m- 
volved Undei the conditions employed, the pnmar 3 ’^ pomt of sulfonamide 
inhibition must be the synthesis of these substances via PABA 
A puzzhng phenomenon is the low activity of pteroylglutamic acid as 
compared to that of PABA m supportmg the growth of Lactobacillus arabi- 
nosus A similar situation has been observed with a mutant stiam of 
Escherichia coli which requires PABA (8) Here pteroylglutamic acid ap- 
pears completely mactive m replacmg PABA One possible explanation 
of the results piesented m this paper would be a low permeabihty of the cells 
to pteroylglutamic acid The permeabihty of many related orgamsms, 
which require preformed pteroylglutamic acid for giowdh, appears adequate, 
however, this might not be so wuth the organisms studied here Another 
possibihty IS that the “fohc acid” actually produced and utilized by the cell 
differs m some way from the added pteroylglutamic acid and thus that the 
added molecule must undergo some conversion before it can be utihzed 
A third possibihty is that PABA might have some function m the cell which 
can be performed much less efficiently by pteroylglutamic acid The 
available data do not permit any decision on this question 
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SUMMARY 

The ability of a series of compounds related to p-ammobenzoic acid to 
replace this compound in promotmg the growth of Lactobacillus ardbinosus 
has been tested p-Aminobenzoylglutamic acid, pteroic acid, pteroyl- 
glutamic acid, and pteioyltnglutamic acid are all less active on a molar 
basis than is p-ammobenzoic acid High concentrations of thymme can 
replace p-ammobenzoic acid under the conditions employed The addition 
of a punne is essential for growth with thjrmme, but is only stimulatory 
when p-ammobenzoic acid or pteroylglutamic acid is present 
The inhibition by sulfonamides of Lactobacillus arabinosus is antagomzed 
non-competitively by pteroylglutamic acid, pteroyltnglutamic acid, or 
thjTnme p-Ammobenzoylglutamic acid is about as active as p-ammoben- 
zoic acid m antagomzmg low sulfonamide concentrations, but is much less 
active agamst higher concentrations 
p-Ammobenzoylglutamic acid and pteroylglutamic acid are less active 
than p-ammobenzoic acid m promoting the growth of Streptobactenum 
plantanm The inhibition of this orgamsm by sulfonamides is antagomzed 
non-competitively by pteroylglutamic acid or thymme As ivith Lacto- 
bacillus arabinosus the activity of p-ammobenzoylglutamic acid approaches 
that of p-ammobenzoic acid agamst low sulfonamide concentrations but is 
much less agamst high concentrations 
The possible relations of the vanous compounds m bactenal metabolism 
are discussed Pteroylglutamic acid, the punnes, and th5'mine aie con- 
cluded to be products of enzyme systems in vhich p-ammobenzoic acid 
functions p-Aminobenzoylglutamic acid appeals to be utilized by the tv o 
organisms only after conversion to p-aminobenzoic acid It is suggested 
that the product of the action of pterojdglutamic acid is not th3Tnine (noi 
the punne) as such, but rather some denved or closeb’’ related substance 
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nosus and those enterococci which are able to synthesize their own supphes 
of pteroylglutamic acid, this conversion either does not occur or is suhonam- 
ide-sensitive These results suggest that pteroic acid is not a normal 
intermediate m the synthesis of pteiojdglutamic acid but can be converted 
to it by certam orgamsms 

It IS known that pteroyltriglutamic acid can be hydrolyzed to pteroylglu- 
tamic acid (reaction (2)) (13) This hydrolysis appears to be essential 
before the triglutamic acid or larger conjugates can be utihzed by some 
orgamsms 

Stokes (14) suggested that fohc acid acts as a coenzyme m the synthesis 
of thymme Smce it has been demonstrated that both a punne and thj’’- 
mme are necessary for the replacement of fohc acid m the growth of a num- 
ber of orgamsms, the same reasomng should apply to the purme s 5 Tithesis 
as well Hitchmgs et al (15) and Strandskov and Wyss (16) have demon- 
strated that compounds such as 5-biomouracil or thiothjonme can mhibit 
the growth of Lactohacillus casei mth thymine as the nutrient, but do not 
affect the growth when fohc acid is present These workers have suggested 
that thjTnme and fohc acid may act as alternative nutiients or that th 3 anine 
may precede fohc acid m some synthetic process The most logical expla- 
in uion of the various phenomena appears to be that the product of the 
action of fohc acid is not thymme as such but rather some derived or closely 
related substance (thymine X m Diagram 1) Thus growth with thymme 
would require a reaction (3) not mvolved m giowth with fohc acid This 
mechamsm would permit growth with thymme to show a different sensi- 
tivity to inhibitors than does groivth mth fohc acid The mdicated pre- 
cursor of thymme X cannot be thymme itself, smce growth vuth thymme 
does not require fohc acid One cannot state at present whether or not 
growth with thymme mvolves the formation of thymme X, theiefore, 
alternative routes for reaction (3) are suggested m Diagram 1 It should 
be mentioned that the concentrations of thymme, the punnes, and the 
ammo acids required for growth would be expected to be much greater than 
those of substances such as PABA or of pteroylglutamic acid, which act 
cataljdically In Diagram 1 purme sjmthesis is suggested to mvolve similar 
relations to those outlmed for thymme 

PABA has been demonstrated to be mvolved m the synthesis of certam 
ammo acids, especially methiomne (6, 17) and lysme ^ There are no data 
available at present to mdicate whether or not PABA undergoes a conver- 
sion to fohc acid before it acts m these syntheses Therefore, both possi- 
bihties are mdicated m Diagram 1 

‘ Lampen, J 0 , and Jones, M J , to be published 
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III ARSENOLYTIC DECOMPOSITION OF SUCROSE AND 
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It has recently been sho^^•n (1, 2) that the sucrose phosphorylase of 
Pseudomonas saccharophila is essentially a “transglucosidase” capable of 
transferring “energy-nch glucose” to a i^aiiety of acceptors, such as 
inorganic phosphate, ketose sugais, and L-aiabinose In view of the 
vei-satihty of the enzyme, it seemed likely that arsenate could be substi- 
tuted for phosphate as glucose acceptor, especially since arsenate is knovm 
to substitute for phosphate in at least one biological reaction (3) 

The experiments to be reported indicate that arsenate can act as a 
substrate for the enzyme since it catalyzes the decomposition of both sucrose 
and glucose-l-phosphate Glucose-l-arsenate, which would be expected 
as a product of these reactions, does not accumulate Presumably it is 
immediately hydrolyzed to glucose and arsenate Since both sucrose and 
glucose-l-phosphate can serve as glucose donors to the enzyme, the addition 
of small amounts of arsenate to the phosphorylase causes an “arsenolytic” 
decomposition of these compounds, which appears as an over-all hydiolj’-tic 
cleavage 


EXPERIMENTAL 

Phosphate-free sucrose-phosphorylase preparations were obtained from 
dried cells of Pseudomonas saccharophila by repeated repiecipitations with 
ammonium sulfate from citrate buffer as described previously (1) Such 
prepaiations had a negligible phosphatase activity against glucose-l-phos- 
phate and a slight mvertase activity When potassium arsenate v as added 
to the preparations, together with either sucrose or glucose-l-phosphate, a 
rapid evolution of reducing sugar was observed (see Table I) 

In the phosphor olj tic breakdown of sucrose (Experiment 2), there is a 
rapid initial production of fructose, vhich ceases when equihbnum con- 
ditions are reached (4) With arsenate instead of phosphate, the production 
of reducing sugar continues until much more hexose is produced than is 
equivalent to the amount of arsenate added (Expenments 3, 4) Thus, 
m Expenment 4, the presence of 10 micromoles of arsenate caused the 
pioduction of 84 micromoles of reducing sugar in excess of that formed m 
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decomposition is due ni laigc paifc to the mhibitoiy effect of the glucose 
released 

In EApeuments 7 and S, glucose-l-phosphate was substituted foi sucrose 
as glucose donor foi the enzjmie It nail be seen that after 4 hours tnice 
as much glucose had been produced through the mediation of arsenate as 

there was arsenate present , 

To pl 0 ^e that the leducing values obtained in the decomposition of 

sucrose and of glucose-l-phosphate neie indeed due to the ° 

hexose siigais, the incubated solutions neie passed through ion exchange 
columns and subjected to fermentation by Tm ula monosa The reduci g 
sugars were found to be completely fermentable 

DISCUSSION 

The above expenments show that both sucrose and glucose-l-phosphate 

can be hvdiolyz^ed by sucrose phosphorylase in the presence of arsenate 
can DC njaioijzeu u:, t- ..Testable glucose-l-arsenate can 

Since the mtei mediate formation of an unstame b^c ^ 

be postulated, it seems appropiiate to lefer to the ^rea ^ghaves 

Ivsis ” The svstem enzyme + arsenate becomes a catalyst which behai es 

I’ S as! — ^ as a phosphatase 

have shovii that the addition ot arsenate to potato phosphorj'lase prepa 
rations causes the libeiation of glucose from s aic i ^Uosohate can be 
The demonstration that both 

aisenolysed, lends fur liei ^ arsenolytie decomposition ot 

of sucrose phosphorylase The cou 

these compounds maj’’ be simply lepiesen e as 

± fructose ijphosp^ clucose-l-phosphate + eMjme 

horose -f- enzyme ‘ - , glucose-enzyme — 

± Arsenate 

Glucose-l-arsenate + enzyme 


Arsenate 


-f HzO 


Glucose 

4 - nrtiPTiolvsis of botli sucrose and 
The marked decrease m the ra e ^-eaction can undoubtedly be 

glucose-l-phosphate during the course demonstrated inhibition of 

ascribed to two factors One of t end-product Glucose 

the reaction by glucose, uhich is ^ glucose donors for a 

appears to compete uuth the glucose portion ot tne g 

1 Ixatz, J . Hassid. W Z , and DoudoroS. M . unpublished work 
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the aisenate-fiee control (E\peiiment 1) after 4 houis of incubation 
Assuming that 2 molecules of reducing he\ose aie produced from 1 of 
sucrose, this represents the decomposition of 42 miciomoles of sucrose 
The catalytic i61e of the ai senate maj’’ also be mfeiied from a comparison 
of the data foi E\peiiments 3 and 4, since it can be seen that the late of 
suciose decomposition is almost independent of arsenate concentiation 
in tlie lange tested 

Experiment G demonstiates that the suciose breakdomi inth ai-senate 
can go to completion (no fuithei inciease in i educing value nas noted 
aftei 4 hours) No disappeaiance of inorganic ai-senate could be detected 
m these experiments 


Tablh I 

Sucrose Phosphonjlase Preparaltons RcprccipUaled from Crtrale Buffer 
All experiments except Experiment 6 were earned out simultaneously and wutli 
the same preparation 0 05 m citrate buffer at pH 6 64 was used in all experiments 
Gluoose-1 -phosphate was added as the K salt, adjusted to pH C 64 with acetic acid 
Arsenate and phosphste were added as buffer mixtures at pH 6 64, prepared from 
ICSjAsOi and KH 5 P 04 , respectivel> , and NaOH Incubation at 30” 


Etpen 
ment No 

Additions, micromoles per ml (±2 per cent) 

Reduang sugar produced, micro- 
moles per ml (±S per cent), 
after incubrtion lor 

Sucrose 

Glucose 1 
phosphate 

Glucose 

Phosphate 

Arsenate 

1 hr 

2 hrs 

4 hrs 

1 

100 





5 

11 

19 

2 

100 



20 


23 

27 

31 

3 

100 




20 

54 

' 79 

i in 

4 

100 




10 

51 

74 

103 

5 

100 

1 

100 


20 


32 

60 

6 

25 

j 

i 



20 



49 

7 


100 




0 

1 

2 

8 


100 



20 

22 

31 

41 


The initial rate of sucrose breakdown with arsenate was found to be 
almost as gieat as the rate of phosphoiolj'sis In an expeiiment of shoit 
duration, the foiTnei was measuied as 92 per cent of the lattei ^^lien 
egunaleiit amounts of phosphate and ai-senate weie added togethei, the 
initial late of leducing sugai formation was found to be intermediate 
between the rates obsened with the two substiates separately 

Since it was noted that the late of leducmg sugai foimation decieases 
maikedly duiing the course of the leaction and since it is knowm that 
sucrose phosphor 3 dase activity is stiongly inhibited by glucose, the effect 
of added glucose was tested (Experiment 54 On the basis of the results 
of this expenment, it may be concluded that the decrease in rate of sucrose 
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Admirustration of inci easing doses of kojic acid, 5-hydioxy-2-(hydroxj’^- 
methjd)-! ,4-p3Tone, a pioduct of the metabohsm of a number of molds and 
bacteria, pioduces gastiointestmal distmbances, ataxia, excitement, and 
commisions (1) The pattern of electrical activity of brain accompanjnng 
the convulsions indicates that they are of the clomc-tomc variety ^ 

In the piesent ivoik it was found that the rates of oxidation of 3>-phenyla- 
lanine, L-methionine, xanthine, and a numbei of n-amino acids by rat hver 
and of L-phenylalamne and n-anuno acids by kidney are inlubited m mtro 
bj' 1 datively low concentiations of kojic acid 

BXPERIME^TAL 

Livei, ladney, and brain veie blended briefly vath 1 ml of 0 05 m potas- 
sium phosphate, pH 7 8, pei gm of tissue and then squeezed through mushn 
Muscle was ground in a Latapie mincer mth the same propoition of buffer, 
8 volumes of buffer were then added to 10 volumes of ground tissue 
The rates of oxygen uptake of 1 8 ml ahquots of the tissue pieparations, 
to which was added 0 2 ml of buffer oi buffer contaimng substrate, inlubi- 
toi , or both, were measured at 37° with the usual Warburg apparatus The 

pH of the final mixtures was about 7 4 The difference betu een the oxygen 
uptake in the presence of substiate and that of its suitable control was con- 
sidered a measure of the oxidation of the substrate 
The data in Fig 1 indicate that 0 01 m kojic acid* had httle effect on the 
rate of oxygen consumption of skeletal muscle and decreased the rate of 
oxygen consumption of brain, h\ er, and kidney considerably The oxygen 
uptake of heait, hke that of skeletal muscle, was not appreciably affected 
by the acid The uptake by hver was inhibited to the greatest extent 
The convulsant dose of kojic acid, when given by intiavenous injection, 

* Aided by a grant from the Rockefeller Foundation A preliniinar 3 report of tins 
work has appeared (Federation Proc , 6, 267 (1947)) 

t Present address. Department of Biochemistry, Washington Umversity School of 
Medicine, St Louis 

* Unpublished observations made in this laboratory 
^ Kindly supplied by Dr Frank H Stodola 
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position on the enzyme The other factor contnbuting to the decrease 
in rate must be the competition of fructose and of inorganic phosphate 
w^ich aie produced m the respective reactions vnth arsenate foi combi- 
nation with the glucose-enz 3 Tne complex 

SUMMARY 

The addition of arsenate to bacterial sucrose phosphorylase catalyzes 
the hydiolytic decomposition of suciose and glucose- 1-phosphate, pre- 
sumably through the formation of an unstable compound, glucose-1- 
ai senate 
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and xanthine liy livei Compaied on the basis of coneentiation of acid 
producing an inhibition of 0 5, the oxidation of methionine was most sensi- 
tive to the presence of the acid and that of tyrosine the least The rates 
of oxidation of L-plienylalamne, D-phenylalamne, and DL-alamne b 3 '- kidney 
v ei e inhibited by kojic acid to about the same extent as with hvei The 
rates of oxidation by kidney and hver of DL-Ieucine and DL-isoleucme, the 
L foims of i\hicli, hke L-alanine, nere not oxidized by the kidney and h\ei 
piepaiations, were inhibited bj'’ the acid to about the same degree as the 
1 ate of oxidation of DL-alamne and D-phenylalamne 
Tv 0 of the enzjmies inliibited by kojic acid, namely the xanthine and 
D-amino acid oxidases, are flavopi oteins The L-amino acid oxidase of kid- 
nej"^ and hvci is also a flavopi otcin (3) Whether the oxidations of the l 

Table I 

Inhibitory Effect of Kojic Acid upon Oxidations Effected by Liver 
The rates of oxidation, expressed in micromoles of oxygen per 100 minutes, arc the 
differences in oxjgen uptake of the liver pieparation in the presence and absence 
of the substrates The concentration of kojic acid giving an inhibition of 0 5 vas 
deternuned by extrapolation from concentrations producing inhibitions less and 
greater than 0 6 The concentration of dl alanine nas 0 06 u, the concentration 
of the other substrates v as 0 03 M 


Substrate 

Rate of oTidation 

Concentration of kojtc 
acid producing 
inhibition of 0 5 


mtcromohs 0: 100 min 

it X 10-i 

L-Methionine 

5 0 

4 

L-Phenylalanine 

7 6 

12 

D Phenylalanine 

11 2 

12 

DL Alanine 

10 1 

IG 

Xanthine 

10 9 

70 

1 L Tyrosine 

6 0 

i soo 

1 


foims of methionine, tyrosine, and phenjdalamne by the hvei and kidney 
piepaiations used in the piesent voik aie mediated bj' the L-ammo acid 
oxidase is not cleai ioi oxidation of L-leucine, estmiated fi om oxygen uptake 
and ammoma foimation, bj'^ the hvei and kidnej'^ prcpaiatioiis vas neghgi- 
ble, rvheicas L-leucine is of all L-amino acids most lapidlj' oxidized bj’' the 
piuified L-ammo acid oxidase (3) Hovexei, it is possible that the iiilub- 
itoiy effect of kojic acid on the oxidation of the L foims of methionine, 
phenylalamne, and tyi osine found in the present v ork also represents in- 
hibition of a flavoprotein 

The degi ee of inhibition pi oduced by tlie acid in the case of each substrate 
Considered abox'^e did not depend upon the sequence of addition of substrate 
and inliibitor to the tissue Also, the degree of inhibition was not a hnear 
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IS about 0 3 gm pei kilo of body w eight, which coiTesponds to a blood and 
total tissue concentration of about 0 05 and 0 004 m lespectively Thus, 
the possible range of concentration attained in vivo with the convulsant 
dose is of the order of concentration, c r; 0 001 m, m Inch appieciably inhibits 
the OYj^gen uptake of brain in vilio A somexihat similar relation between 
the comuilsant dose of picioto-an and the concentrations winch in vitro in- 
hibit the oxygen uptake of biain has been pointed out pieviously (2) 



MINUTES 

Fig 1 Effect of kojic acid upon oxygen uptake of brain {B), kidnei , (A), fiver 
(L), and muscle (il/) The solid and broken curves represent respectively the oxjgen 
uptakes of the tissues m the absence and presence of kojic acid, 0 01 and 0 001 m in the 
case of brain, 0 01 xi in the case of the other tissues 

Whethei a depiessiou of cerebial oxygen uptake plaj-s a i61e m sei 2 aires 
produced by comuilsant drugs is of course not certain Since kojic acid 
has no considerable effect on the oxj’-gen consumption of heait muscle m 
vitro, it IS of mteiest that the electrical activity of heart is httle affected 
by the convulsant dose ^ 

The data in Table I indicate that kojic acid inhibits the rate of oxidation 
of L-methionine, L-phenylalamne, n-tyrosme, D-phenylalanme,® Di.-alamne, 

’ Kindlj supplied by Dr Clarence P Berg 




J R KLEIN AND N S OLSEN 


155 


legend of Fig 2) pi oduccd by 0 0001 ir kojic acid, benzoate, quinine, and 
atabiine weie 0 53, 0 32, 0 01, and 0 05 lespectively Kojic acid is tberefoie 

a more effective inhibitoi of the oxidase than the othei substances 
" It has been stated (G) that competitive inhibition of the D-amino acid 
oxidase is exhibited to some extent by compounds contaimng system (I) 
Hov evei , fiimai ate does not inhibit the oxidase in reasonable concentration, 



Fig 3 Effect of kojic acid on the oxidation of succinate bv liver The sohd and 
broken curves represent data obtained respectivel> in the absence an presence o 
kojic acid, 0 005 m The oxidation of succinate, 0 03 m, 2 ml total volume, is ex- 
pressed as the difference beUeen oxygen uptake in the presence of succinate and the 
uptake of a suitable control Curves 1 and 2 represent the oxidation of succinate bj 
the w ashed liver preparation (c/ the text) , Curves 7 and 8 the oxj gen consump ion o 
the controls Curves 3 and 4 represent the oxidation of succinate bj the unwashed 
liver preparation. Curves 5 and 6 the uptakes of the controls 


eg 0 005 M, and the ion of kojic acid (II) is not obinously i elated to (I) 
Thus, to attnbute special sigmficance to a relation l^tween (I) and the 
presumed characteristic configuiation of the enzjrme v uc i perim ac itn j 

and reversible inhibition seems without more than casual ment 

The rates of oxidation of the follomng substances the tissues indicated 
were not inhibited by 0 005 m kojic acid succinate b}^ muscle, hx er , Im ney, 
and brain, tyramine and isoamylamine bj’’ brain, ki ne3q an xor, L-pro 
hne, hydroxj''-L-prohnc, chohne, and uric acid bj hx er , , , 

In the case of the substances whose oxidation by brain, hver and kidnej 
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was not inlnbitcd by kojic acid, inci^ases in rate of oxidation weie con- 
sistently produced by the presence of kojic acid The oxidation of succinate 
by muscle was not so affected The oxidation of succinate by hvei, de- 
picted m Fig 3, illustiates this effect It is possible that the inciease in 
late IS attributable to depression by kojic acid of the activity of systems 
competing in some way with the oxidative systems in question This pos- 
sibility w^as tested in the case of succinate 
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H H O 

I I II 
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The usual prepaiations of hver, kidney, and brain w'ere centnfuged, and 
the precipitates washed in the centnfuge with 0 05 m potassium phosphate, 
pH 7 4, and finally suspended in enough buffer to restore the onginal vol- 
umes The effect of this procedure on the oxidation of succinate by liver, 
which IS repiesentative of the effects on the othoi tissues, is indicated m.. 
Fig 3 The peitinent points are that kojic acid still inhibited the oxygen 
uptake of the washed control, and the increase in rate of oxidation of suc- 
cinate produced by kojic acid, while decreased by w^ashing, still peisisted 
It seems, theiefore, that the increase in late of oxidation of succinate pro- 
duced by the acid depends upon depression of uptake of the conti ol These 
points, coupled with the fact that the oxygen uptake of muscle and its 
oxidation of succinate were not appreciably affected by kojic acid, suggest 
that in the case of succinate, and piesumably the other substiates, the in- 
ci ease in i ate of oxidation effected by the acid is consequent upon depi ession 
of competing systems 


SUMMARY 

Ixojic acid in relatively low concentrations, m mtro, inhibits the oxidation 
of D-ammo acids, xanthme, n-phenylalamne, and L-methiomne by hver and 
the oxidation of n-aimno acids and L-phenylalamne by kidney Oxidation 
of L-tjTrosine by hver is inhibited by relatively high concentrations of the 
acid The acid competes reversibly with the substrate for the n-amino acid 
oxidase The inhibition of the other oxidations also appear to be of the 
competitive type 
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A CRITICAL STUDY OP PROPOSED MODIFICATIONS OF THE 
ROE AND ICUETHER METHOD FOR THE DETERMINATION 
OF ASCORBIC ACID, WITH FURTHER CONTRIBUTIONS TO 
THE CHEMISTRY OF THIS PROCEDURE* 

Bt MARY B MILLS and JOSEPH H ROE 

{From the Department of Biochemistry, School of Medicine, George Washington 
University, Washington) 

(Received for publication, June 17, 1947) 

In a lepoit (1) to this Journal, Bolomey and Kemmerer proposed the 
substitution of glacial acetic acid foi the 85 pei cent sulfuiic acid used to 
develop coloi in the Roe and Kuether method (2) for the deteimination 
of ascorbic acid In a second paper (3) Bolomej' and Kemmerer published 
spectrophotometnc studies of the Roe and Kuether method in which they 
omitted the use of an indispensable reagent, thiourea, and did not recognize 
that the disciepancies m their absoiption cuives weie due to a departure 
flora the chemical principles published for this method In this paper 
Me shall present data shoving that the modifications proposed by Bolomej'’ 
and Kemmeier mtioduce errors that greatly diminish the specificity of the 
original procedure 


UXPEIIIMENTAL 

The 2,4-dinitrophcnylhydiazine derivative of dehydioascoibic acid 
M as prepared by the teclraique of Roe and Kuether from solutions of pure 
ascorbic acid and orange juice oxidized inth norit and with bromine 
Deiivatives obtained by the same procedure were also made from d- 
glucose, D-fmetose, n-arabinose, and reductones The reductones vere 
made by boilmg a 1 pei cent solution of n-glucose m 0 5 per cent NaHCOa 
for 30 minutes The derivatives weie lemoved from the solution of 
reactants by centrifugation and ivashed tvnee with distilled vater The 
ivashed product ivas dissolved in 50 per cent sulfuric acid or 50 per cent 
acetic acid, and the resulting colored solutions V'ere lead m a Coleman 
spectrophotometer, model 10-S 50 per cent concentration of acid vas 

used, as this is the final concentration of the colored solution m the Roe 
and Kuethei method oi the Bolomey and Kemmerer modification Iden- 
tical amounts of the deiivatives were used when comparison vas made of 
the absorption m acetic and m sulfuric acid 

* Aided by a grant from the Nutrition Foundation, Inc 
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DISCUSSION 

Sulfuric Versus Acetic Acid — In Fig 1, A and B, are shown the spectro- 
photometnc absorption curves of the bis-2,4-dimtrophenylhydrazone of 
dehydroascorbic acid obtained by o\idation of pure ascorbic acid solution 
and oiange juice with norit and with bromine, coupling being earned out 
in the pi esence of thiourea The curves closely pai allel each other, showing 



WWvff Lene-TH f/n/tt) 


Fig 1 Absorption curves of 2,4-dimtropbenylhydrazine derivatives, prepared 
as follows A, norit oxidized, thiourea present, color developed uitli 50 per cent 
sulfuric acid, B, bromine oxidized, thiourea present, color developed mth 50 per 
cent sulfuric acid, C, norit oxidized, thiourea present, color developed with 50 per 
cent acetic acid, D, bromine oxidized, thiourea present, color developed with 60 per 
cent acetic acid The solid line represents the dehydroascorbic acid derivative, 
the dotted line, the orange juice derivative 

that the colored pioduct obtained by treatment of the 2,4-dmitrophenyI- 
hydrazme derivatives mth suKuric acid is the same, regaidless of whether 
these derivatives are prepared from pure ascorbic acid solution or from' 
orange juice, by norit or by bronune oxidation In Fig 1, C and D, 
the curves obtained by substituting acetic acid for sulfunc acid are marked- 
ly dissimilar These curves show that substances other than ascorbic 
acid are present m orange juice which jueld derivatives with 2,4-dinitro- 
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phenylhydrazine that absoib maikedly between, wave-lengths of 400 to 
500 m/x when acetic acid is used as the soh ent The fairly close agieement 
of the curves in C and Z> at 520 ro/i is foi tuitous and does not adequately 
, support the suggestion of Bolomej and Kemmeier that acetic acid may be 
substituted for sulfuric acid in this method if a 520 m/u filtei is used 
In Fig 2 are shoira the spectrophotometric absorption cuives of the 
2,4-dinitrophenylhydiazine derivatives of D-glucose, n-fructose, n-aiab. 



V/AVS l^HerTH 


Fig 2 Absorption curves of 2,4 dinitrophenylhydrazine derivatives, prepared 
as follows A, fructose, 1 per cent solution, coupled 24 hours at 37°, B, reductones, 
1 per cent glucose, 0 5 per cent NaHCOa, boiled 30 minutes, coupled 3 hours at 37°, 
C, glucose, 1 per cent solution, coupled 24 hours at 37°, D, arabinose, 1 per cent 
solution, coupled 24 hours at 37° The solid line represents sulfuric acid , the dotted 
line acetic acid 

inose, and reductones when treated with 50 per cent sulfuric acid and mth 
50 per cent acetic acid For each of these derivatives the absorption is 
much greatei m acetic acid solution than m sulfuric acid solution At 
the 520 mp wave-length the contrast is very marked and shows the possi- 
bility of great error from using acetic acid as a solvent in this method 
The superiority of sulfuric acid as a reagent m this method rests upon 
the fact that it is a reactant as well as a solvent Wlien sulfuric acid of 
the proper concentration is mixed ivith 2,4-dinitrophen3'lh}draziD0 de- 
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rivative of dehj'droascorbic acid, a chemical reaction takes place, forming 
a reddish colored pioduct This reaction is fairly specific for deiivatives 
of compounds closely similar in stracture to dehydroascorbic acid Most 
mteifeiing substances that couple wuth 2,4-dmitrophenylhydrazine form 
deiivatives that do not give a reddish coloied product with sulfuric acid 
WTien derivatives of glucose, fructose, and arabmose, for example, are 
treated with sulfuric acid, they at first dissolve, givmg some bro^vnlsh coloi 
to the solution, but this color fades until little or no mteiference occuis 
at the 540 m/i wave-length This fading is due to the action of the sulfuiic 
acid which apparently splits the compound at the hydrazine linkage with 
the formation of the original uncoupled products This is the leason that 
it was recommended that the color should not be lead until at least 30 
minutes after its production On the other hand, when acetic acid is used 
as a solvent, the deiivatives of many, if not all, inteifering compounds do 
not undeigo decomposition, as shown by a constancy of the colorimetric 
reading of then products This difference m chemical behavior explains 
the widely divergmg absorption curves of the derivatives prepared from 
orange juice when treated mth sulfuric acid and with acetic acid 
Importance of Thiourea — In then original paper (2) Roe and Kuethei 
stressed the necessity of thiourea as a leagent m their method Oxidants 
such as Fe+++ ions, or H 2 O 2 , vill produce a coloi ivith 2,4-dinitrophenyl- 
hydrazine This method is an empirical proceduie in winch the couphng , 
of dehydroascorbic acid mth 2,4-dmitrophenylhydrazine does not go to 
completion The rate of couphng is dependent upon the oxidation-reduc- 
tion state of the solution and to contiol it completely, as well as to prevent 
the effect of oxidants, it is necessary to carry out the couplmg reaction in 
the presence of a knomi excess of some reducing reagent If thiourea is 
not used, another reducing agent, such as SnCh, may be substituted, pio- 
vided a new calibration curve is made foi the revised conditions 

The impoitance of thiourea is demonstrated by the ciuves of Fig 3 
in which this reagent was not used In Fig Z, A, the curves foi the deriva- 
tives piepared from puie ascorbic acid and orange juice paiallel each 
other fairly well when norit was used as the oxidant and H2SO4 was added 
to develop the color, but in B, where bromine was used as the oxidizing 
agent, the curves are mdelj^ separated This discrepancy was even more 
marked in the experiments shorm by C and D m winch acetic acid was used 
as a solvent of the denvatives LovTy, Lopez, and Bessey (4) observed 
slightly higher results in the vitamin C content of blood serum when they 
used bromme as oxidant instead of norit The more speeific result mtlrx 
norit IS apparently due to the adsorption of interfeiing substances by this 
reagent In our work high values from biomme oxidation of orange juice 
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■were pic\eiited, hoMe'\''er, by the use of thiourea, as shown in Fig I A 
and B 

In view of the fact that Bolomey and Kemmerer used acetic acid instead 
.of sulfuric acid and omitted the use of an essential reagent, thiourea, their 



Fig 3 Absorption curves of 2,4 dinitrophenylhydrazine derivatives, prepared 
as follows A, norit OMdized, no thiourea present, color developed with 50 per cent 
sulfuric acid, B, bromine oxidized, no thiourea present, color developed vith 50 per 
cent sulfuric acid, C, norit oxidized, no thiourea present, color developed nith 50 
per cent acetic acid, D, bromine oxidized, no thiourea present, color developed vith 
50 per cent acetic acid The solid line represents the dehvdroascorbic acid derivative, 
the dotted line, the orange juice derivative 

published absoiption cuives (3) represent values given by a composite 
group of 2,4-dimtiophenylhydrazine derivatives of dehvdroascorbic acid 
and mterfermg substances, and hence have little significance Their 
suggestion that a coriected cune be made bv subtractmg unoxidized 
from oxidized filtiate xalues is pomtiess, since such differences are not 
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observed when the technique of Roe and Kuether, as onginally pubhshed, 
IS followed 

51fi or 520 mu FtUer — ^It is clear from the above data and discussion that 
the effect of interfenng substances is very largely prevented bj’’ the chemical 
technique developed However, selection of the right filter mil contnbute 
to the specificity of this method The absorption maxima of denvatives 
of most mterfermg substances are in the region of the shorter wave-lengths 
For this reason Roe and Kuether adopted the use of the 540 m^t filter 
The absorption curve of the dehydroascorbic acid denvative has con- 
siderable slope m this region but perfect Imeanty in calibration curves is 
obtamed mth the amounts of dehydroascorbic acid used m this method 
It IS our opmion that the 540 mp filter is preferable for analysis of plant and 
animal tissues m general In special work, m which it is known that little 
or no mterfermg substance is present, the 520 mjtt filter ma}'- be used to ad- 
vantage The 520 mg filter is more satisfactoiy, for example, m the 
micromethod for ascorbic acid m blood, developed by Lomy, Lopez, 
and Bessey (4), because greater absorption occurs at the 520 mg nave- 
length and blood does not contain interfenng substances m amounts that 
will produce error 


SIBIMART 

Data have been presented shomng the possibihty of gieat error from the 
Bolomey and Kemmerer modifications of the Roe and Kuether method 
for the determmation of ascorbic acid Fiuther contributions to the 
ehemistr}’’ of this method are made 
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A IiCETHOD FOE THE DETERMINATION OF MANNITOL 
IN PLASMA AND URINE* 

Bi A C CORCORAN and mVINE H PAGE 
{From the Research Division of the Cleveland Clinic Foundation, Cleveland) 
(Received for publication, June 20, 1947) 

Concurrent analyses of mannitol m unne solutions and protem-free 
plasma filtrate are used m the measurement of renal function 

Two types of procedures have been used in determmmg manmtol con- 
centration One depends on the reduction of femcyamde by manmtol m 
strongly alkahne solution and requires a correction foi the glucose content 
of the sample (2) The other (3) disposes of glucose by treatment with 
yeast In it the total penodate consumed after oxidation m hot acid solu- 
tion IS determined by titration This method is more specific, as penodic 
acid oxidizes only compounds with 2 adjacent partially oxidized carbon 
atoms It has the further advantage that it does not require a separate 
determmation of glucose Correction for non-maimitol i educing substance 
is made from a mannitol-free blank sample However, the high blank 
obtamed from matenals treated with yeast and the fact that the oxidation 
consumes only 1 of the 4 titratable oxygen atoms of penodate impair its 
sensitivity 

There are many substances oxidizable by periodate (4) Among them, 
those with 2 adjacent partially oxidized carbon atoms at the end of the 
cham yield formaldehyde Thus, oxidation of 1 mole of manmtol inth 
penodic acid yields 2 moles of formaldehyde and 4 of formic acid Mac- 
Fadyen ( 6 ) has recently developed a sensitive procedure foi determmation 
of formaldehyde It therefore seemed feasible to develop a more sensitive 
and specific method for the determination of manmtol in biological media, 
in which the determmation is based on measurement of formaldehyde 
produced during penodic acid oxidation 

In attempting to apply this principle, there are senous drawbacks to 
treating the plasma filtrates and unne dilutions mth 3 east ^Fith plasma 
this treatment increased the blank rather than decreased it, and the 
blank of glucose solutions so treated is also matenally incieased ( 6 ) 
Moieover, m our hands, manmtol was sometimes lost, apparently bj’’ 
absorption on the yeast We therefore altered the conditions of the 
oxidation in order to make it more specific and thus to dimmish the plasma 
and glucose blanks 

Manmtol is oxidized by penodic acid at room temperature m neutral or 

* A preliminary report has been published (1) 
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acid solution, while the oxidation of many othei substances, including 
glucose, proceeds rapidly only undei othei conditions We therefore 
selected a concentiation of penodic acid sufficient to oxidize mannitol in the 
concentiations best suited for color measurement, allowing foi the presence 
of oxidizable, non-chromogenic mateiial, chiefly glucose 

Method 

Principle — ^Manmtol is oxidized by penodic acid to formic acid and 
formaldehyde The conditions of the oxidation are such that glucose, 
although attacked, produces httle formaldehyde The penodic acid is 
reduced to iodide by staimous chlonde and the formaldehyde pioduced is 
deteimined by the method of MacFadyen 

Reagents — 

1 Penodic acid reagent Potassium periodate, 0 03 m m 0 25 m sulfunc 
acid 

2 Stannous chlonde Piepared freshlj’^ every day as approximately 
0 125 M m 0 3 N HCl This solution should be titrated by the periodate 
leagent immediately before use and so adjusted that 10 cc of SnCb leagent 
titrate 10 2 cc of HIO4 reagent For the titration, 5 cc of concentrated 
HCl are added to the SnCU and starch is used as the indicator 

3 Chromotropic acid reagent 0 2 gm of chromotiopic acid (1,8-di- 
hydrox3Tiaphthalene-3 ,6-disulfomc acid) is dissolved in 4 cc of water m a 
100 cc volumetnc flask and made up to volume with 15 m sulfuric acid 

Procedure — ^Pipette into a tall test-tube giaduated at 25 cc , 2 cc of 
plasma filtrate or urme dilution Plasma filtrate is prepared as a 1 20 
dilution of plasma by the method of Somogyi (7) Filtiates made with 
zinc sulfate and sodium h^ffiroxide or cadmium sulfate and sodium hjffirox- 
ide are equally satisfactory Unne dilutions are made with water In 
both cases the 2 cc should contain 0 5 to 3 0 mg of mannitol pei 100 cc 
and not more than 7 mg of glucose pei 100 cc A leagent blank is made 
containing 2 cc of distilled water From a filtiate of maimitol-fiee 
plasma two tubes are prepared One (oxidized blank) is carried through 
the pioceduie as desciibed below The other (unoxidized blank) is treated 
w ith stannous chloride pnor to addition of periodic acid 

0 5 cc of periodic acid reagent is added to the oxidized blank and sample 
tubes and the contents mixed and allowed to stand at room temperature 
for 8 to 10 minutes 

Add 0 5 cc of stannous chlonde and shake well The stannous chlonde 
IS oxidized by the periodate to staimic acid, ivhich appears as a milky^ 
precipitate in the tube This precipitate is soluble in the strong acid to be 
added m the next step and does not inteifere wath the detemunotion 
There may also be a momentary appeaiance of elementar}^ iodine m the 
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simultaneous plasma mannitol, inulin, creatmine, and thiosulfate clearances 
IS shown in Table II 

DrSCUSSION 

Any substance oxidized by penodic acid may mterfere with the deter- 
mination The interference may anse either fiom the formation of form- 
aldehyde from substances other than manmtol or from excessive consump- 
tion of penodic acid Among the compounds that may mterfere because 
of formadehyde production are fructose, a-glycerophosphate, ethylene and 
propylene glycol, and most compounds which contam either a ■ — CHOH — 
CHjOH or a ■ — CO — CH 2 OH groupmg Substances contammg a 
— CHOH^ — CHOH — or a • — CO — CHOH — 01 a — CO — CO — gioup 
are oxidized but do not yield formaldehyde These may only interfere 
with the determination if they are present m such concentrations as mil 
decrease the penodic acid content so that excess stannous chlonde begins to 
reduce formaldehyde 

Of the interfenng substances present m blood and iinne the most im- 
portant IS glucose In acid solution, glucose exists chiefly as the pyranose 
nng form which does not have a free ■ — CHOH— group adjacent to the 
terminal — CH 2 OH group Therefore, under the above conditions the 
terminal link in the carbon chain is very httle oxidized in 10 minutes 
(formaldehyde production about 5 per cent of theoretical) It is possible 
therefore to determine mannitol accurately m the presence of small and 
constant concentrations of glucose by the above procedure Thus, at 
concentrations of glucose of about 10 mg per cent m plasma filtrate, 
recovery of added manmtol averages 95 per cent and at glucose concentra- 
tions of 20 mg pel cent it averages about 90 per cent Several factors 
participate in this, of which the most obvious are (a) mequahty of form- 
aldehyde hberation from glucose as between manmtol-containing and 
manmtol-free samples, which is possibly due to (6) inequalities of periodic 
acid consumption and stannous chlonde excess as between such samples 
The difficulty may be largely obviated by addition of mannitol to the 
mannitol-free, glucose-nch plasma or unne samples and determmation of 
unknowns from the curve thus established 

Plasma Blank — ^The normal plasma blank is equivalent to 3 to 5 mg of 
mannitol per 100 cc About half of this blank is due to glucose It 
therefore vanes dunng wide fluctuations of the plasma glucose, but m the 
absence of these is constant m any person over periods of several hours 

Unne Blank- — ^The average blank foimd m undiluted urme is about 0 3 to 
0 5 mg per mmute We thmk it likely that the bulk of this unnary blank 
IS due to the non-fermentable reducmg substance normally found m unne 

Time of Oxidation — Under the conditions emplo 3 'ed, oxidation of man- 
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Table I 


Recovery of Mannitol Added to Plasma 


IMannitol added 

Apparent mannitol ' 

Mannitol recovered 

Recovery 

ms per 100 cc 

mg per 100 cc 

mg per 100 cc 

Per cent 

0 

3 8 



20 

23 6 

19 8 

99 

40 

43 6 

39 8 

99 5 

60 

63 8 

60 0 

100 

0 

4 0 



20 

23 6 

19 6 

[98 

60 

63 4 

69 4 

99 

0 

2 4 



20 

22 0 

19 6 

98 

40 

42 4 

40 0 

100 

60 

62 4 

60 0 

100 

0 

3 8 



20 

23 6 

19 8 

99 

40 

43 6 

39 8 

99 5 

60 

I 63 2 

59 4 

99 


Table II 

Ratios of Simnltaneous Plasma Clearances of Mannitol, Inultn, Creatinine, and 
Thiosulfate in Dogs and Human Beings 

The simultaneous plasma clearances of substances believed to be excreted by 
glomerular filtration are compared in observations made in dogs and human beings, 
during intravenous infusion of the substances studied Inulin was determined by 
the method of Corcoran and Page (8), creatinine by the method of Folm as adapted 
"to the Coleman clinical spectrophotometer, and thiosulfate by the method of Gilman, 
Philips, and Koelle (9) The data indicate that, unlike inulin, creatinine, and 
thiosulfate, the clearance ratios of i\hich approximate umty, mannitol is reabsorbed 
or destroyed in the kidney to the extent of about 10 per cent of that which is filtered 
The data therefore confirm unpublished observations of Earle (personal commun- 
ication) companng manmtol-inuhn clearance ratios and Hoobler (personal com- 
munication) as concerns manmtol-thiosulfate clearance ratio in human beings 


I 

Clearances 

Mean ratio | 

i 

No of 
observations 

Standard 

deviation 

Standard de 
viation of mean 

Manmtol mulin, dogs and hu- 

0 902 : 

42 

±0 113 

±0 017 

man beings 





Mannitol-creatimne, dogs 


35 

±0 079 

±0 013 

Manmtol-thiosulfate, dogs 


12 



Inulin creatinine, dogs 


12 



Inulin-thiosulfate 

1 04 




Creatimne-thiosulfate 

1 03 
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simultaneous plasma mannitol, inulin, creatmine, and thiosulfate clearances 
IS shown in Table II 

DISCUSSION 

Any substance oxidized by penodic acid may mterfere with the deter- 
mination The interference may anse either fiom the formation of form- 
aldehyde from substances other than manmtol or from excessive consump- 
tion of penodic acid Among the compounds that may mterfere because 
of formadehyde production are fructose, a-glycerophosphate, ethylene and 
propylene glycol, and most compounds which contam either a ■ — CHOH — 
CHjOH or a ■ — CO — CH 2 OH groupmg Substances contammg a 
— CHOH^ — CHOH — or a • — CO — CHOH — 01 a — CO — CO — gioup 
are oxidized but do not yield formaldehyde These may only interfere 
with the determination if they are present m such concentrations as mil 
decrease the penodic acid content so that excess stannous chlonde begins to 
reduce formaldehyde 

Of the interfenng substances present m blood and unne the most im- 
portant IS glucose In acid solution, glucose exists chiefly as the pyranose 
nng form which does not have a free — CHOH— group adjacent to the 
terminal — CH 2 OH group Therefore, under the above conditions the 
terminal link in the carbon chain is very httle oxidized in 10 minutes 
(formaldehyde production about 5 per cent of theoretical) It is possible 
therefore to determine mannitol accurately in the presence of small and 
constant concentrations of glucose by the above procedure Thus, at 
concentrations of glucose of about 10 mg per cent m plasma filtrate, 
recovery of added mannitol averages 95 per cent and at glucose concentra- 
tions of 20 mg pel cent it averages about 90 per cent Several factors 
participate in this, of which the most obvious are (a) mequahty of form- 
aldehyde hberation from glucose as between mamutol-contaimng and 
manmtol-free samples, which is possibly due to (6) inequalities of periodic 
acid consumption and stannous chlonde excess as between such samples 
The difficulty may be largely obviated by addition of manmtol to the 
manmtol-free, glucose-nch plasma or unne samples and determmation of 
unknowns from the curve thus established 

Plasma Blank — ^The normal plasma blank is equivalent to 3 to 5 mg of 
mannitol per 100 cc About half of this blank is due to glucose It 
therefore vanes dunng wide fluctuations of the plasma glucose, but m the 
absence of these is constant m any person over periods of several hours 

Unne Blank- — ^The average blank found m undiluted urme is about 0 3 to 
0 5 mg per mmute We thmk it likely that the bulk of this unnary blank 
IS due to the non-fermentable reducmg substance normally found m unne 

Time of Oxidation — Under the conditions emplo 3 'ed, oxidation of man- 
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rutol IS complete in 3 to 5 minutes While the reaction coiild be checked 
at this point, 10 mmutes are chosen as a more convement interval (Table 
III) If oxidation is prolonged beyond 10 mmutes, the shiftmg of the 

Table III 


Relationship between Time of Oxidation, Temperature, and Optica 
Density in a 6-S02 Cuvette 


Time 

Temperature 

Uaimitol added 

Optical density (D) 

Deviation from 10 
mm vaiae 

min 

•c 

ms per 100 cc 


per cent 

10 

9 

1 

0 191 

0 

20 

9 

1 

0 191 

0 

30 

9 

1 

0 191 

0 

40 

9 

1 

0 191 

0 

60 

9 

1 

0 193 

-1-0 6 

10 

9 

4 


0 

20 

9 

4 


-0 7 

30 

9 

4 


-0 7 

40 

9 

4 

1 

-0 4 

60 

9 

4 


0 

4 

26 

1 


-0 5 

6 

26 

1 

0 196 

+2 1 

8 

26 

1 

0 192 

-0 5 

10 

26 

1 

0 193 

0 

4 

26 

4 

0 701 

-f 0 7 

6 

26 

4 


-fO 7 

8 

26 

4 


-f 0 7 

10 

26 

4 

mgm 

0 

Mean 

±0 1 


Table W 

Effect of Temperature on Optical Density in a No 6-S02 Cuvette 


Mannitol concentration | 

AD at 20’ 1 

AD at 30° 

AD JO'" 

ADZO 

ns per 100 cc 

0 5 

0 100 

0 lOS 

1 08 

2 0 

0 360 

0 398 

1 10 

40 i 

0 672 

0 732 

1 09 


eqmhbnum mixture of glucose isomers results m higher juelds of formal- 
dehyde from glucose 

Detenmnalion of Formaldehyde— In. appljung MacFadyen’s procedure 
under these conditions, we remvestigated the effect of the time of heatmg 
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dunng color development and the effect of the temperature of the solution 
dunng the reading of the coloi 

The time of heating of the formaldehyde-containmg solutions was chosen 
as 30 minutes At this time about 95 pei cent of the maximum color has 
been developed, the full 100 per cent being reached only after 75 minutes 
The temperature of the solution should be adjusted to 25° with some 
care at the time of reading There is about 9 per cent more color at 30° 
than at 20° (Table TV) 

SUMMARY 

A method is described for the detennmation of manmtol m plasma and 
urine at levels of 0 5 to 3 0 mg per 100 cc of filtrate or diluted urme The 
method is based on the colonmetnc estimation of the formaldehyde pro- 
duced dunng controlled periodic acid oxidation of manmtol Conditions 
are given foi apphcation of the method to determination of renal function 
undei normal conditions 

The authors acknowledge the techmcal assistance of Mr R Harns and 
Ml E Balfoui, the generous donation of manmtol solution by Dr K 
Beyei and Di W Boger of Sharp and Dohme, Inc , and of chromotropic 
acid bj^ Dr A L Fox and Mi Morgan Colhns of the General Anihne and 
Film Corporation 
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THE ISOLATION OF ESTRONE FROM THE BILE 
OF PREGNANT COWS* 
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(From the Departments of Biochemistry, Physiology, Obstetrics and Gynecology, and 
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(Received for publication, June 21, 1947) 

Although estiogemc material has been demonstrated to be piesent in 
the bile of several mammalian species (1,2), the chemical nature and quan- 
tity of the biliary estrogens of endogenous origm have not been determined 
Such mformation might contribute to a better understanding of the idle of 
the liver in the metabolism of estrogens and might have a bearmg on a cur- 
rent theory (3) of an enterohepatic ciiculation of estrogens The bile of 
cows in an advanced stage of piegnancy nas deemed to be suitable experi- 
mental matenal for this study, inasmuch as the level of estrogen production 
during pregnancy is relatively high and because the bile of this species is 
readily obtamable m quantities adequate for isolation purposes 

Butanol extracts veie made of an 8 0 liter and of a 23 0 liter pooled speci- 
men (designated as Batches I and II) which had been prenously assayed 
for estrogenic actmty Most of the estrogenic material m the butanol 
residues was removed by extinction wath acetone, the acetone-insoluble 
material compiismg the bulk of the oiganic matenal of the bile The ace- 
tone-fractionated products were partitioned into (a) ether-soluble and (6) 
ethei -insoluble, water-soluble moieties The ether-soluble matenal was 
separated mto acid, phenol, and neutral fractions The phenols w ere par- 
titioned into strongly acidic and w eakly acidic phenols , the latter w ei e frac- 
tionated into ketones and non-ketones The ether -insoluble, w ater-soluble 
material of the butanol extracts was subjected to acid hydrolysis, followed 
by extraction wnth ether The ethereal extract was partitioned into acid, 
phenol, and neutral fractions 

The estrogenic activity of the phenolic and acidic fractions was detci- 
imned by bioassay on spa 3 ’’ed adult mice bj’’ a i agmal smear technique (4) 
The 1 esults ai c summai ized in Table I hlost of the esti ogenic material in 
the bile of pregnant cows appears to be in an uncombined form, a finding 
which IS similar to that reported for the exogenous estrogen of dog bile (3) 

* This work was supported by grants in-aid from the United States Public Health 
Service, under the National Cancer Institute Act, and from Ciba Pharmaceutical 
Products, Inc , Sumnut, New Jersey 
t In the Department of Biochemistrj 
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From the ketonic phenolic matenal derived from 310 liters of unh 3 '-drolyzed 
bile of pregnant cons, theie were isolated 20 mg of a ci 3 ''stalline product, 
m p 251-254° It was punfied and its identity as estrone established by 
determination of meltmg point, mixed melting point mth authentic es- 


Tabi£ I 

Disirtbulton of Estrogen tn Btle of Pregnant Cows* 
The results are given in mouse umts 


Volume of bile 
extracted 

Batch No 

Untreated 

bilef 

Tree phenols 

Con)ugatcd 
pheno]s (after 
hj drolysis) 

WeaLlj acidic | 

Stronpb 

acidic 

Ketonic 

ICon i-e tonic 

huts 

8 0 

23 0 

I 

II 

64,000 

620,000 

33,000 

1 120,000 

12,000 

54,000 

m 

n 

8 0 

31 0 

I 

I + II 


1 Free acids 

i 

Conjugated 
acids (after 
hydrolysis) 

<2000 

<2000 


* Bioassay was performed on spayed adult mice by use of a vaginal smear tech- 
nique based on that described bj Allen and Doisy (4) The following values were 
obtained when oily solutions containing 1 y of crystalline estrone, a-cstradiol, and 
estriol were injected subcutaneously 14, 33, and 0 66 mouse units respectively, 
when aqueous solutions of 1 y amounts of these estrogenic compounds were 
employed, the following values (in the same sequence) were obtained 22, 40, and 
0 30 mouse units 

t Several factors maj be responsible for the fact that the observed estrogenic 
activity of untreated bile is higher than the sum of the estrogenic activities of the 
fractionated bile extracts (a) the vehicle employed for injection in the bioassay 
procedures was aqueous in the former instance but oily in the latter (c/ bioassaj 
values cited above for the crystalline estrogens in both vehicles), (b) untreated bile 
contains a mixture of estrogens which were assaj'ed against a standard solution of 
estrone, the ketonic and non ketonic extracts were standardized against estrone 
and a estradiol respectively, (c) the bile may contain unknown estrogenic substances 
which failed to be extracted, some loss of estrone may have been incurred during 
the course of extraction and fractionation, (d) experimental errors of bioassay 

trone, specific optical rotation, and by bioassay, a bepzoyl derivative was 
prepared which gaxe the expected caibon and hydrogen values on analysis 

LXPBREMBNTAL^ 

CoUccltm, Bioassay, and Exiraction of Bile — Gallbladder bile was fmshly 
collected from slaughtered pregnant cows estimated to be at least 5 months 

1 melting point values reported in this paper are corrected 























PBAKLMAN, RAKOPF, CAMTARO'W, AND PASCHKIS 


175 


pregnant - The bile was refngeiated and worked up ivithm 24 to 48 houis 
subsequent to collection It retained a clear golden broum color at the time 
of e\ti action, the pH of the pooled specimens vaiied from 6 8 to 8 5 
Bioassay of the untieated bde was performed by subcutaneous mjection of 
the bile itself, or an aqueous dilution theieof, into spayed adult mice (4) 
There were appioximatel}’' 6 to 41 mouse units of estiogemc activity per ml 
of bde, the average value for eight pooled specimens was 22 mouse units 
per ml 

Prior to extraction, which was made with butanol with gentle shakmg, 
the pH of the bile v as adjusted to 6 5 to 7 5 vnth concentrated HCl For 
every hter of bde, 500 ml of butanol uere used m the mitial extraction, 
followed by four extractions each with 100 ml of butanol The extracts 
uere combined, u ashed tmce with 100 ml of uater, and evaporated in 
vaato to a syiaipj consistency 

Fractionation of Butanol Extiacts — ^Batch I (8 0 liters of bde) and Batch 
H (23 0 liters of bde) were worked up mdmdually but m essentially identi- 
cal fashion as m the follov mg example The syrupy butanol residue (Batch 
H) was slowly poured mto 2 liters of acetone with stirrmg The heavy pre- 
cipitate (No I) which formed was filtered and washed vnth a little acetone, 
the filtrate which contamed most of the estrogenic material was concen- 
trated at atmospheric pressure and finally in vacuo to a syrupy consistency 
The S 3 mip was treated with 500 ml of acetone, whereupon an additional 
but smaller precipitate (No II) was obtamed It vas filtered and washed 
vnth a little acetone The filtrate on evaporation yielded a residue (ace- 
tone-soluble fraction) which was taken up m 120 ml of v arm alcohol and 
distributed between 450 ml of water and 3 liters of ether The aqueous 
phase was combined wath a solution of Piecipitates I and II (acetone- 
insoluble fraction) m 1200 ml of water, made acid to Congo red wath con- 
centrated HCl, and extracted with 1500 ml and 300 ml of ether, 
the ethereal extracts were combined and Avashed w ell with w atei , w^hereupon 
beautiful W'hite crystals appeared Crystallization was allowed to proceed 
for a few daj^s, about 4 gm of a nitrogenous acidic product, m p 184—185°, 
were thus obtamed It appeared to consist of conjugated bJe acids from 
W'hich desoxycholic acid w as obtained on alkaline h5'’droB sis The ethereal 
mother liquor AA'as aa ashed in seAcial portions AAith 1200 ml of 4 per cent 
sodium bicarbonate (from AA'hich the organic acids lAere recoA'ered on acidi- 
fication and extraction AAnth ether) and finaUj’’ AAxth water The ethereal 
solution w as combined Anth the ethei extract of the acetone-soluble fraction 

= We are indebted to Dr C E ISIootz of the United States Department of Agricul- 
ture, Philadelphia, for arranging a A'etennarian superAused collection of bile Dr 
Irwin Rothman A\as of great assistance in judging the approximate stage of preg 
nancy by exaimnation of the fetuses 
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(above) and evaporated The residue (neutrals plus phenols) was parti- 
tioned between petroleum ether (b p 35-60°) and 90 per cent methanol 
The 90 per cent methanol fraction was evapoiated, the residue was dissolved 
m 200 ml of benzene and extracted four times each with 200 ml of n NaOH 
The alkalme extracts were combmed, back-v ashed with 40 ml of benzene, 
acidified, and thoroughly extracted with ethei The ether extract was 
washed ivith dilute NaHCOs solution, then with n ater, and evaporated to 
yield the phenolic fraction (unhydrolyzed bile) 

The aqueous solution of the acetone insoluble material mentioned above, 
folloivmg extinction with ether, was heated on the steam bath to remove 
dissolved ether After the addition of 10 per cent by volume of con- 
centrated HCI, the solution was refluxed for 10 minutes, cooled, and ev 
traded ivith ether The ethereal extract v as fractionated into acids, neu- 
trals, and phenols by methods similar to those already described 

Fiaclionation of Phenols {Unhydrolyzed Bile) — The sepaiation of the 
phenols into benzene-soluble and sodium carbonate-soluble fractions is 
attended ivith great difficulty It was necessary to employ the following 
fractionation scheme m order to attain constant values for the distiibution 
of estrogenic activity The phenols (Batches I and II mdmidually) were 
repeatedly partitioned between benzene and 0 3m Na2C03 according to the 
method of Mather (5) Troublesome emulsions resulted which weie 
broken up by centrifugation The alkaline extracts were acidified and ex- 
tracted with ether The ethereal residue was partitioned between petro- 
leum ethei and 90 per cent methanol The aqueous methanol extiact ivas 
evaporated and the residue partitioned between benzene and 0 3m NaaCOs, 
the phenols were recovered from the latter phase as before The benzene- 
soluble phenols weie separated into ketonic and non-ketonic fi actions with 
the aid of Girard’s Reagent T (G) The estrogenic actmty of the i espective 
phenolic fi actions is indicated m Table I 

Isolation and Identification of Estrone — ^Tieatment of the ketonic phenols 
(160 mg in all) of the unhydrolyzed bile wnth a little alcohol yielded crude 
estrone There weie obtained fiom Batch I 4 mg of crude estrone, mp 
251-252°, and from Batch II 16 mg , m p 252-254° The crystalline prod- 
ucts w ere combined and repeatedly crystallized from alcohol to give 3 0 
mg , mp 256-258°, [a]?,® = -(-161° (0 220 per cent m dioxan), 1 7 S 10 
mouse units of estrogemc activity The material used m the determination 
of optical lotation was recovered and ciystalhzed once from alcohol, yield- 
mg 2 0 mg , m p 257 5-259° It gave no depression m melting point on 
admixture wnth authentic estione, mp 259-260°, [alf = -f-163° (m 
dioxan), 1 7 S 14 mouse units of estrogenic activitj’- 
Acylation of 13 6 mg , m p 251-253°, of biliary estrone wns effected by 
the Schotten-Baumann method by dissolving this product in 2 ml of N 
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NaOH, and treating with 5 drops of benzoyl chloride, mth vigorous shakmg 
after the addition of each drop The white precipitate which formed was 
centnfuged, v ashed with a little n NaOH, and then washed well vnth 
water The benzoyl denvative was repeatedly ciy^staUized from chloro- 
form-alcohol, yielding 7 4 mg , m p 220-221° It gave no depression in 
melting point on admixture with authentic estrone benzoate, m p 222 - 
223° 


CssHssOj Calculated, C 80 18, H 7 00, found, G 80 30, H 6 94 
niscussioN 

The major estrogen of pregnant cow bile appears to be estrone which, on 
the basis of isolation, is piesent in amounts of appiovimately 600 y per 
liter of gallbladder bde There may also be present as much as 70 7 of 
a-estiadiol per liter on the assumption that the estiogenic activity of the 
non-ketomc, weakly acidic phenols is due prmcipally to a-estradiol Since 
very little or no biological activity is exhibited by the stiongly acidic 
phenols, the presence of estriol m the bile of this species appeals to be pre- 
cluded While the total estiogen content of the bde seems to be low, it is 
considerable by compaiison mth estrogen levels in blood Szego and 
Roberts (7) estimated that theie are 3 4 7 equivalents of a-estradiol pei 
liter of vhole blood of cows 6 months pregnant It ivould appear from the 
-foregomg data that the liver, in this species at any rate, removes estrogen 
from the blood and concentrates it m the bde This mterpretation lends a 
measuie of support to a theory of an enterohepatic circulation of estrogens 
under physiological conditions which was suggested by Cantarov et al (3) 
In a previous report ( 2 ) by the latter authors, it was shoira that the estrogen 
level m the bde^ of w omen during pregnancy and post par turn is higher than 
that m the blood 

Since the ratio of free to combined estiogen m the blood (7) is consider- 
ably loiiei than that in the bde, the question is raised as to vhether the 
hvei removes combmed estiogen from the blood If this is the case, is the 
hvei capable of effecting hydrolysis of conjugated estrogen? The chemical 
nature and relative amounts of the estrogens of the blood of the pregnant 
cow (or of other species during pregnancy) are not knoini Such informa- 
tion might be an aid m gagmg the extent to which the hier may effect 
metabolic mterconversions of the estrogens under phj''siological conditions 

It may be of interest to compare the data presented m this report with 
simdai data obtamed by Levm ( 8 ) on the estrogens in the feces of pregnant 
cows The latter author mdicated that most of the estrogenic actmty of 

’ This refers to liver bile Estrogen levels in gallbladder bile and in In er bile are 
not stnctb' comparable, since the former is considerabb more concentrated 
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the feces may be due to a-estradiol, whereas our data indicate that estrone 
IS the major estrogen of the bile Biliary estrogen may be a source of fecal 
estrogen, as has been suggested by Levin (8) , intestinal flora may be respon- 
sible foi the apparent conveision of estrone mto a-estradiol It is con- 
ceivable, however, that estiogen enters the bowel fiom the blood stream by 
passage thiough the intestmal wall m view of the recent finding (9) that 
significant amounts of estrogen appear m the feces of e\tenial bile-fistula 
dogs receivmg estrone by subcutaneous injection The data on the bile and 

feces of the pregnant cow aie similar in that practically all of the estrone 
IS piesent m the free form, and also m that there is little or occasionally 
no estrogenic activity in the strongty acidic phenolic material The 
uiinaiy excietion of estrogen by the pregnant cow (10) is relatively low 
compared to other species dm mg pregnancy 
Mieschei (11) recently made the interestmg suggestion that estnc acids 
of the doisynolic type might be noimally present m the organism Al- 
though demonstrable estrogenic activity has not been reported foi the acid 
fractions of uiine, it is conceivable that biologically active acids occiu in 
the bile Oui data (see Table I) mdicate, however, that very little or no 
estrogenic activity is exhibited by the small quantity of free acids occurimg 
m unhydiolyzed bile oi by the acids obtained on acid hydrolysis of the bile, 
inactive compounds of the marnanolic acid type may possibly be present 
in limited amounts ' 


SUMMARY 

Estrone has been isolated from gallbladder bile of cows m an advanced 
stage of pregnancy m amounts approximatmg 600 y pei liter, it appeal s to 
be the major estrogen of bile As much as 70 7 of a-estradiol may be pres- 
ent in the non-ketonic, weakly acidic phenols, little or no estrogenic activity 
IS exhibited by the strongly acidic phenols Most of the estrogenic material 
of the bile is present in a fiee 01 uncombmed form 

The implications of these findmgs mth reference to the metabolism of 
the estrogens in the liver and in connection with a theoi y of an entei ohepaf ic 
circulation of estrogens imder physiological conditions are discussed 

The technical assistance of Miss Emily Cerceo, Miss Edith Goldberg, and 
Miss Dorothy Ozer is gratefully acknowdedged We are indebted to Mr 
James Rigas for the microanalysis 
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THE VERATRINE ALICALOIDS 

XXVI ON THE HEXANETETRACARBOXYLIC ACID PROM 
CEVINE AND GERMINE 

Bt CHARLES F HUEBNER a\d WALTER A JACOBS 
{From the Lahoratortes of The Rockefeller Inslilule for Medical Research, New York) 

(Received for publication, April 18, 1947) 

From the mixture of acidic substances produced by chromic acid oxida- 
tion of cevine (1) and germine (2), an optically active hexanetetracarboxyhc 
acid, CioHuOs, was isolated, and certam data obtained in its study served 
as the basis for its provisional mterpretation The rate of hydrolysis of 
its tetramethyl ester was interpreted to indicate the presence of two 
tertiary carboxyl groups, smce two of the ester groups veie relatively 
resistant to alkalme hydrolysis (Fig 1, Curve 1) This observation to- 
gether with the fact that the acid juelded a keto monoanh 3 "diide, C 9 H 10 O 4 , 
on distillation led to its tentative interpretation as /3,/3'-dmiethyl-^,/3'- 
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1 

COOH 

COOH 
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dicarboxyadipic acid (Formula I) A meso isomer as well as d and I stereo- 
isomers IS possible for this acid The production of such an acid with tv 0 
angular methyl groups, barrmg rearrangements, suggested a modified 
sterol ring system for cevine in which Ring B is 5-membered, and that the 
extra carbon atom appears as an angular methyl on carbon atom 5 (1) 

To test the validity of this mterpretation, a synthesis of /3,(8'-dunethyl- 
/3,i3'-dicarboxyadipic acid became desiiable and the results of this studj’’ 
are reported here Foi this purpose citraconic anhj’^dride vas converted 
to df-a-bromo-a-methylsuccmic acid (Formula II) accordmg to Fittig 
and Landolt (3) Its methyl ester v as condensed by heating vnth granular 
silver at 125-130° and yielded a syrupy mixture of esters Both the 
meso form and adi form of j3,/3'-dimethyI-/3,)3'-dicarbox-yadipic tetramethjd 
ester were to be expected This reaction vas suggested bj’' the procedure 
already used by Hell (4) and by Auvers and ]\Ie 3 'er (5) for the preparation 
of tetramethylsuccinic acid from a-bromoisobut 3 Tic acid eth 3 ’’l ester 
However, Auwers and Meyer (6) obtained as a b 3 ’’-product a-tnmeth 3 l- 
glutaric acid, which ma 3 ’’ have been the result of a rearrangement dunng 
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From an inspection of the saponification cuives of the ester from cevine 
(Fig 1), it Mould appear that the third ester group to be saponified must 
be secondary in character because of its relative ease of sapomfication as 
compared with the tertiary ester groups in the synthetic esters The 
natural acid may then contain two primary carboxyl groups, a secondary 
and possibly, although not certainly, a tertiary carboxyl group Such 
an acid could arise from two points m the sterol structuie, m uhich a 
tertiary carboxyl group is formed by the oxidation of a caibon atom 
attached to either carbon atom 10 or 13 If it can be estabhshed later from 
which portion of the molecule this acid really arises, certain positions will be 
excluded m locating the eight hydroxyl groups in cevine and germine 
As opportunity piesents itself, studies will be continued to determine 
the identity of the tetracaiboxyhc acid obtained from cevine 

EXPERIMENTAL 

Meso-P ,p'-Dimethyl-p ,^'-dtcarboxyadtptc Tetravwlliyl Ester — Citiaconic 
anhydride (11) was converted to dZ-a-bioroo-a-methylsuccimc acid as 
described by Fittig and Landolt (3) The latter reported the melting 
pomt as 148°, v'hereas our substance melted at 142° 15 gm of the acid 

suspended in 50 cc of ether were estenfied at 0° with diazomethane After 
removal of ether and excess reagent, the residue was fractionated at 13 
mm 12 gm of the dimethyl ester were collected at 121-125° This ester 
was also prepared by refluxmg for 2 day^s 15 "gm of the bromo acid m 200 
cc of methanol which contamed 4 per cent HCl 10 gm of the ester w'ere 
collected at 120-125° and 13 mm Both ester preparations yielded the 
same results when condensed as follow^s 

12 gm of the ester ivere heated ivith 15 gm of silver at 125-130° for 
36 hours with occasional shaking The silver used was prepaied by reduc- 
tion of an aqueous alkalme suspension of silver oxide mth formaldehyde 
and, after successive washmg Muth water and alcohol, vas dried m a 
desiccator over PjOb The above condensation mixture was filtered from 
silver salts which were washed repeatedly vath ether The filtrate vas 
concentrated and the residue was distilled at 15 mm Aftei removal of a 
forerun at 90-92°, most of the product distilled at 140-145° and 0 3'mm 
Partial crystalhzation of the syrup occurred on long standing The 
material w'as collected v'lth a mimmal amount of ethei and recrystalhzed 
from ethanol 0 8 gm of flat needles w^as obtained, -which melted at 
128-130° 

CiiHisOt Calculated C 52 80, H 6 97, OCHj 39 07, mol wt 318 18 
Found “ 53 04, “ 6 48, ” 39 20, “ “ 317 

meso-p,P'-DimeOiyl-p,P'-dicarbomethoxyadipic Acid — 60 7 mg of the 
tetramethyl ester m ere heated at 100° mth 6 5 cc of 0 157 N NaOH 0 5 cc 
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samples Mere MithdiaMn at inteivals for titration inth 0 02 n acid The 
couise of h 3 ^dioIysis is shonn m Fig 1 (Curve 2) This shovs the piompt 
sapomfication of tivo caibomethoxy groups and lelative resistance of the 
remaimng tv o carbomethoxy groups After continued heating, the solu- 
tion Mas lecombmed Mith the titration samples, acidified Mith HCl, 
concentrated to a fcM' cc , and then repeatedly extracted m ith ether The 
latter yielded a residue m hicli m as recrj-^stallized from ether 45 mg of the 
dimethyd estei Mhich separated as heavy rhombs M'ere collected (m p 
210-215°) 

CisHuOs Calculated C 49 63, H 6 25, OCHj 21 39 
Found " 49 64, “611, “ 1972 

The folloMung attempt m as made to lesolve this dimethyl estei 1 5 gm 

of the estei and 1 5 gm of cmchomdme m ere dissolved m 10 cc of ethanol 
On cooling, the alkaloid salt ciystalhzed It was lecrj’stallized thiee times 
fiom ethanol, then suspended in ether and shaken Mith 5 pei cent NaOH 
The alkalme phase Mas reacidified and the acid obtained bj^ lepeated 
extraction Math ethei melted at 210-215° 150 mg Mere thus lecoveied 

A 7 4 per cent solution in methanol shoMed no appreciable rotation 
dl~^ ,^'-Dimeihyl-0 ,fi'-dtcarbomcihoxyadzptc Aczd — ^23 gm of the syrup 
M’hich remained after filtration of the above crystaUme meso compound 
were sapomfied on the steam bath for 1| hours Math 300 cc of 15 pei cent 
NaOH After acidification, the mixture Mas extracted five tunes Math 
50 cc of ethyl acetate 20 gm of a syrup of mixed acids m ere obtamed 
A counter-current separation Mas run on the mixture at 25° For this 
purpose nme sepaiatory funnels ivere used, each of Mhich contamed 100 
cc of ethyl acetate and 100 cc of a 2 m phosphate buffer (pH 5 1) as the 
phases After the distribution, the contents of each funnel m ere acidified 
Mith 10 cc of 40 per cent phosphoric acid, extracted Math ethyl acetate, 
and separately mvestigated The residue (2 gm) from Funnel 2 vas 
mostly crystalhne and the residue (2 gm ) fiom Funnel 3 entirely cr 3 ’-stalhne 
These fractions Mere combined and reci 3 '^stalhzed from a mixture of ethyl 
acetate and light petroleum and then from m ater 2 6 gm of stout rhombs 
M ere obtained, m hich melted at 212-217° The meltmg point of a mixture 
Mith the meso-dimethyl ester Mas 188-200° 

Ci-HuOg Calculated C 49 63, H 6 25, neutralization equivalent 145 07 
Found “ 49 90, “ 6 29, “ “ 147 

,p,' -Dimethyl-^ ,^'-dicarbomdlioxy adipic Acid— The salt prepared from 
1 gm of the dl form and 1 gm of cmchomdme Mas recrystalhzed three 
times from ethanol The free acid, regenerated as descnbed aboie, 
weighed 240 mg and melted at 225-228° 

[a] “ = -33° (c = 7 9% in methanol) 

CisHisO, Calculated, C 49 63, H 6 25, found, C 49 48, H 6 18 
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In the course of the isolation of the alkaloids from the roots of Acomtum 
heterophyllum obtained in a more recent commercial shipment from India, 
it has been found that the base hetisine occurs m larger amounts than 
originally suspected About 1 gm per kilo has now been isolated 

The procedure used foi the separation of the alkaloid fractions was es- 
sentially as previously descubed ( 1 ) But folloinng the extraction of the 
strongly basic alkaloid fiaction with benzene a continued extraction of the 
remaining aqueous phase mth chloroform has now yielded a fraction 
which contains most of the hetisine and which could be readily isolated 
as the hydrochlonde To complete the extraction it was found necessary 
to continue the process for a number of days The isolation of this material 
has made possible a more extensive study of the alkaloid which became 
especially desirable because of its relatively simple formulation of C20H27O3N 
-I’urther analytical studies with the base and its derivatives have confirmed 
this formulation 

At first the attempt w'as made which was but partly successful to carr}' 
its degradation through the steps of exhaustive methylation Meihyl- 
hetisimwn iodide was readily prepared, w^hich was in turn converted to 
the methine base, des-methylhehsine The latter and its hydrochloride 
were crystalline The base with methyl iodide yielded a crystalline melhyl- 
des-methylheiisinium iodide from w'hich a chloride w^as also prepared When, 
however, the attempt was made at the nex-t stage of degradation to pyrob^ze 
the ammonium hydroxide, methanol w^as spht off instead of water woth 
the production again of des-methylhetisiiie This result w'as accompanied 
by the production of considerable umdentified amoiphous material How'- 
ever, the attempt to repeat the methylation of this amorphous fraction, 
follow^ed by pyrolysis of its ammonium hydroxide, resulted again inalmost 
quantitative recovery of basic mateiial The experiment was also unsuc- 
cessful at this stage for an Emde reduction to the methochloride 
'As a modification of the procedure, des-meth3llietisine hjdrochlonde 
1 Was hydrogenated At this point, instead of a tetrahj dro denvatn e to 
'be expected because of the original leactive double bond present in hetisine 
as Well as that of the new' methine bond, onl}' 1 mole of H2 w as absorbed with 
the production of a dihydro-des-methylhelisme hydrochloride The free 
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base CsiHsiOaN could not be cijstallized It seems probable, from the 
expenencc vath dihydiohetisme discussed below, that the new ircthme 
bond must be the one hj'-diogenated and that in some vay the oiiginal 
hetisme double bond has lost its reactivitj’' The free base jaelded an ap- 
parent mixture of possibly isomeric cr5’'stalhne denvatives vath methyl 
iodide, each of which anal5^zed as a dihydi o-dcs-methylhehsimwn mcthodjdc 
Here again pyrolysis of the hj^droxide resulted m loss of methanol with 
reformation of dilij^dro-des-meth3dhetisine 

Of interest vas the behanor of dihydro-des~meth3"lhetisine on oxidation 
wnth permanganate It vas sraoothl3 converted to a base, C21H29O3N, 
mIucIi readily ci3'Stalh2ed and pioved to be different fiom and apparentl} 
isomeiic vath des-meth3^1hetisme It is hoped that wo can return to its 
stud3^at a later time 

An attempt w as made to apply the Hofmann degradation to dih3xlro 
hetisine as a starting point How evci , a difficult3’' v as at once encountered 
m the failuie to obtain ci3'stalline substances At this point it may be 
mentioned that dihydiohetisme, previousb’^ desenbed only as the li3dro 
chlonde, has smee been obtained as the ciystalhne base Methyldihydro 
hehsinnm iodide vas obtamed onl3'- as a resin Nevertheless, tlie free 
h3’’di oxide was p3nol3'’zed to 3ueld dcs-methyldihydi oheimne Tlie resinous 
base giaduall3r ci3stalhzed on standing, but no satisfactory method for its 
recr3^stalhzation vas found On h3'drogenation as the HCl salt, it ab 
sorbed 1 mole of Ha to form an amorphous dihydro-dcs-mefhyldihy^'i'O 
hehstne Smee the original double bond of hetisine had been disposed of, 
it appears that the new raethme double bond must have been the point of 
h3’’drogenation The hydiogenated base gave in turn a resinous metiii 
odide However, on p3'rol3'^sis of the ammomum base, it lost methanol 
as shown by the N-meth3d content of the sublimed mateiial 

A prehmmar3' stud3’- of the deh3’-drogenation of hetisine woth selenium 
has also been made A tairy reaction product was obtained which coul 
be sepal ated into neutral and basic fractions From the neutral fraction, 
by chromatographing through AI2O3 and sublimation, it w'as possible 
isolate several hy^diocaibon fractions One of these proved of significance, 
since it 3aelded, although in ver3'’ small amount, a fi action w^hich was fina ) 
ci3stalbzed as the tiimtrobenzene compound The lydrocarbon re 
coveied from the lattei w as found to be pimanthrene, as shown b3'' anabs’S, 
absorption spectra (Fig 1), and b3' comparison of its properties and t o'C 
of the trimtrobenzene compound wath a sample of pimantlirene ^ 
isolated from staphisine (2) As in the case of the latter, the possib Y 
of a partl3'^ lydrogenated diteipenoid structure is therefore suggests 
the make-up of hetisine 

The major part of the hydrocarbon fraction from hetisine was a ® 
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fluorescent mateual witli a comparatively lugh liydrogen content It 
could be sepaiated fiom the fluorescent phenanthicne hjdrocarbons mth 
AI2O3 The molecular weight and analjdical data indicated CjJieo, or a 
. system of six imgs, as the foimulation of the mateual Smce the fraction 
i\as a hquid and available in too small amount foi fractional distillation, 
there could be no assurance of its homogeneity The notable fact is, 
however, that a fraction of such comparatively high molecular weight and 
high h3’^diogen content is produced Although this might suggest a pos- 



PiG 1 O, pimanthrene from hetisine, O, pimanthrene from staphisinc 

sible double molecule for hetisine of QoHwOeNs, such a hydrocarbon could 
result from the condensation of smaller fragments during the deh3’^drogcna- 
tion This Ttas shoini by the determination of the molecular v eight of 
hetisme Because of its sparing solubility m camphor as onginall3 le- 
ported, the Barger method has smce been used vhich verified the simpler 
'molecule of C20H27O3N 

At this point it may be reported that the failure of hetisine to consume 
significant amounts of lead tetraacetate or sodium penodate are against 
the presence m it of reactive vicinal h3’’drox3d groups 
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The basic fi action from the dehydrogenation i\as similarly separated 
with alumina mto a number of fractions and at least paitly punfied by 
reciystalhzation of the picrates 

Three fractions were obtained, one which on analysis gave CisHnN - 
CcHsOtNs, a second either as CuHitN C6H3O7N3 or CiaHuN C6H3O7N3, 
and a third as Ci9H2aON C6H3O7N3 The first and second fractions may 
be identical These substances were produced m very small amounts and, 
since the free bases themselves could not be crystalhzed, any attempt to 
mterpret their significance would be premature 



Fig 2 O, hetisine in ethanol, O, hetisine in ethanol ivith c\cess HCl 

The ultranolet absorption spectra of hetisme and its hydrochlonde taken 
in alcohohc solution (Fig 2 ) were found to show much less difference 
than m the case of atisine and heteratisine The absorption as seen m 
Fig 2 IS mostly end-absorption of an unspecific type vhich does not permit 
of obvious conclusions 

Since the mtiogen atom of hetisme is tertiary and apparently common to 
two rmgs, the adMional three rings of the perhj^drophenanthrene portion 
vould require a minimum of five rmgs for the alkaloid Although no 
crj^stallme 0-acyl derivatives of the latter have been obtained, the active 
hydrogen determmation has indicated the presence of three OH groups ( 1 ) 
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One double bond has been shown by hydrogenation From the formula- 
tion CjoHstOsN for the base, there remain therefore two undetermined 
points of unsaturation Whether these consist of resistant double bonds or 
-rings remains a problem 


EXPERIMENTAL 

The rhizomes of Acomtum hetei ophyllum used m the followmg studies 
were obtained from an Indian source through S B Pemck and Company 
The proceduie for the extraction of the ground material was essentially 
as previously described, with a few changes Each 8 kilo lot was extracted 
for a day with 24 liters of 70 per cent alcohol and then by three succeeding 
daily treatments with 16 liters of solvent After concentration of the ex- 
tract to a thin aqueous syrup and acidification with 10 per cent H2SO4, the 
mixture was extracted foui times with a total of 2 hters of chloroform, 
which in turn was washed several times with small portions of water The 
combined aqueous fractions were carefully neutrahzed with NajCOs solu- 
tion and extracted with thiee 1 liter portions of benzene This benzene 
extract of the weaker bases w'as wmshed several tunes with minimal amounts 
of water and kept separate The combined aqueous phase w'as then 
emulsified with 1500 cc of benzene and rapidl}^ made strongly alkahne 
With 200 cc of 25 per cent NaOH and w'ell shaken The extraction was 
repeated six times with 500 cc portions of benzene After w'ashing with 

several small portions of water the dried extract w'as concentrated in vacuo 
to a resin of bases which were in turn conveited as previously descnbed 
into the HCl salts in absolute alcoholic solution Successive fractions of 
crystalline salts were obtained which totaled about 40 gm from each 8 
kilos and consisted mainly of atisine h5’^diochloride, although the final 
fractions yielded small amounts of heteratisine and hetisme hydrochloride 
Pollownng the above extraction wnth benzene, the alkaline aqueous phase 
(about 4 hters) was extracted consecutively m sevcial funnels six times 
with a total of about 1500 cc of chlorofoim The washed and dried ex- 
tract yielded a resinous lesidue w'hich was con\eited in alcoholic solution 
to the HCl salt The latter crystallized copiously and altci collection 
weighed about 4 3 gm At this point tlie amount i aried in different ex- 
periments, the variation being possibly due to difterences in the extraction 
conditions Such differences, how^ever, were as a rule compensated for by 
the amount obtained m the succeeding continuous extraction 

[a]^ = -1-12 5° (C = 1 01 in 95% ethanol) 

C.oHsvOjN HCl Calculated C 65 63, H 7 72 
Found (a) “ 65 48, “ 7 61 
(5) “ 65 10, “ 7 42 
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Undei the microscope the substance changed above 320° and gradually 
lost its double lefi action at 328-335° 

For comparison, a sample of hetisine hydiochlonde uas prepaicd from 
the hetisme previously described (1) Undei the micioscope it began to 
change above 320° and gradually lost its double refiaction at 330-340° 

[oId = +12 7° (c = 1 06 m 95% tth'inol) 

Found, C 65 80, II 7 72 

At this stage it was found advisable to continue the evlraction process 
in a continuous liquid evtractoi for 5 or 6 day^s After each day the boiling 
chloroform solution of extracted material vas leplaced by fresh solvent, 
since an apparent condensation of chloiofonn with substances m the al 
kahne aqueous phase caused formation of obscuie resinous productsuhich 
made purification of the alkaloid more difBcult The basic matenal re 
covered from the combined chlorofonn extracts was converted in alcoholic 
solution to the HCl salt 3 8 gm more of hetisine hydi ochlonde n ere thus 
obtained 

Found, (o) C 65 45, H 7 72, (6) C 65 23, H 7 45 

The total amount of crude hetisine hydrochlonde recovered from ap 
proNimately 119 kilos of ground atis root was about 112 gm 

The base prepared from the 113^1 ochlonde separated gradually fromdi 
lute alcohol as ghstemng stout pnsms which contamed solvent and ef- 
fervesced at 145° The melting pomt varied mth the conditions of 
crystaUization Foi analysis it was dned at 100° and 0 2 mm 

C:oH ,OjN Calculated, C 72 90, H S 27, found, C 72 90, H S 03 

Hetisine was found to sublime almost completely at 0 1 mm from a 
bath at 190-210° If the matenal used contained a solvent, a small amount 
flashed ovei even at 145-160° 

Found, C 72 89, H S 23 

A solution of 41 2 mg of lietisme in 1 cc of ethanol v as found m equi^ 
hbnum with a solution of 42 0 mg of isoatismc (mol u t 343 3) m 1 cc 0 
ethanol, as detenmned b3’’ the Baigei method 

C oH-jOjN Calculated, mol wt , 329 3, found, 336 

Dihydrohettsine — Instead of the piocedurc onginall}’’ reported, the cod 
ditions used by Sugmome and Shmianouti (3) foi the liJ^drogenation ^ 
kobusine uere repeated here in an unsuccessful effort to cany the h 
genation beyond the dihydro stage ,, gg 

0 1 gm of alkaloid dissolved in acetic acid was h3’'diogenated wi 
mg of platinum oxide catalyst Aftci the prompt absoiption of dPP*^ 
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mately 1 mole beyond the catal 5 ’^st reqiuxementj there was no significant 
turthei absorption, even after addition of moie catalyst After 1 week 
the piocess was discontinued, the filtrate fiom the catalyst was concen- 
trated, the base vas hbeiated in aqueous solution with alkah, and then ex- 
tracted with chloioform A lesm w^as obtained on concentration which 
ivas dissolved in a small volume of methanol After addition of water the 
solution was boiled do%vn to 3 cc to remove methanol On seeding, di- 
lydiohetisme crystaUized slowly and incompletely as pomted microprisms 
vhich contained solvent Under the microscope it softened to a resm at 
136-139° which gradually crystalhzed agam on further heatmg The ap- 
larently anhydrous material then paitly softened, especially above 220°, 
ind melted at 250-255° 

For analysis, the substance was dried at 100° and 0 2 mm 

C'oHisOsN Calculated, C 72 45, H 8 82, found, C 72 27, H 8 77 

Methylhehsimum Iodide — 0 3 gm of hetisme was heated with 1 cc of 
nethyl iodide m a sealed tube at 100° for 2 hours The partly crystalline 
mass vas boiled dovn to remove the excess reagent and treated mth 
nethanol After concentration to smaller volume and addition of ether, 
the reaction product crystallized as needles or rods 0 19 gm was col- 
lected in a first fraction Under the imcroscope the substance, after pre- 
timmaiy smtermg above 300°, did not lose its double fraction till 320-325° 

C iHjoOjNI Calculated C 53 48, H 6 42, I 26 94 
Found “ 53 28, " 6 26, “ 26 94 

The mother liquor on further addition of ether gave a second fraction 
of 0 12 gm 

Found, C 53 22, H 6 28, I 26 32 

Des-methylhetisine — 2 5 gm of the methiodide vere dissolved m a small 
volume of methanol and decomposed mth a shght excess of a suspension 
mmethanol of fleshly prepared AgoO The filtrate was concentrated m the 
sublimation apparatus under reduced pressure and the residual resinous 
mass was gradually heated to 100° undei the vatci pump as long as 
bubbling of the lesm (due to loss of solvent and perhaps water) continued 
The pressure v as reduced with an oil pump to 0 3 to 0 4 mm and the 
heatmg continued vnth progressive temperature elevation to about 160° 
in 20 mmutes Although some condensation on the condenser became 
apparent aboie 135°, possibly due to contmued H:0 cleavage the sub- 
^lunation became especially profuse and rapid from 170-180 In the 
/Course of an additional 20 mmutes the bath w as raised to 200° and the opera- 
tion then interrupted The practicall 3 colorless resmous sublimate vas 
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washed off with methanol and again freed from solvent The yield was 
1 55 gm This material gradually crj’-stalhzed on long standmg, but the 
base was preferably piepaied from the hydrochloride described below by 
addition of excess of ammonia to its aqueous solution The base separated 
as sparmgly soluble fiat needles which showed a micro melting point of 
122-124° after shght prehminaiy softemng 
For analysis it was dried at 100° and 0 2 mm 

C2iH 2»0,N Calculated, C 73 42, H 8 52, found, C 73 30, H 8 55 

The hydrochlonde crystalhzed from methanol-ether as needles which 
melted under the imcroscope at 303-305° after softemng above 297° 

CnHjoOaNCl Calculated C 66 37, H 7 96, Cl 9 34 
Found “ 66 20, “ 7 70, “ 9 24 

Meihyl-des-methylhetistntum Iodide — 1 55 gm of the previous des base 
were heated with 8 cc of methyl iodide for 3 hours The mitial clear 
solution deposited a lesm winch crystalhzed as arborescent masses of 
prisms After removal of the excess reagent, the mass was crystallized 
from chilled methanol as colorless prisms The first two fractions (a and 
h) amounted to 1 gm 

C22H,203NI Calculated C 54 41, H 6 65, I 26 16, N(CHj) 6 18 
Found (o) “ 54 42, “ 6 55 

“ (6) “ 54 56, “ 6 49, N(CHs) 6 10, 5 90 

“ “ 54 79, “ 6 68, “ 25 78 

After recrystallization fiom methanol, it sintered under the microscope 
above 237° and gradually softened to a melt at 246-250° 

When the attempt was made to lecover mateiial m the oiigmal mother 
liquor by the addition of ether, the obvious pei oxide content of the latter 
caused hberation of iodine with crystallization of further fractions, but 
these were found to be high m iodine, apparently due to the addition of the 
latter to a double bond This material was not further studied 

Chloride — The chloride was obtained from the iodide in methanol with 
AgCl It crystalhzed from methanol-ether as flat needles which gradually 
melted under the microscope at 285-290° 

C HjjOjNCl Calculated C 67 05, H 8 19, Cl 9 01 
Found " 67 04, “ 7 95, “ 8 80 

The attempt was made to carry the methiodide through the next stage 
of degradation 0 15 gm of methiodide was converted with AgtO m 
methanol to the hydroxide After removal of solvent, the resinous residue^ 
was slowly heated in a subhmation apparatus at 0 2 to 0 3 mm The bath / 
'ormg 20 minutes gradually reached 250-255° and was kept at this point 
1 mmutes more The sublimate w'as washed off with methanol and after 
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removal of the solvent weighed 0 11 gm In methanol it yielded a hydro- 
chloride (46 mg ) which separated as dehcate needles on addition of ether 
Analysis, however, showed the loss of a CH3 group and reconversion to 
k.des-methylhetisine hydrochlonde 

CjiHjoOjNCl Calculated C 66 37, H 7 96, N(CH 3 ) 3 95 
Found (a) “ 66 77, “ 7 93 “ 4 44 

(6) “ 66 25, “ 7 78, “ 4 30 

Smce again in a second experiment, but with a larger amount, only a 
fraction of the sublimed base crystalhzed as the hydrochloride (0 2 gm from 
0 53 gm of sublimed base), the attempt was made to carry the dissolved 
material through the final step of degradation if still a dimethyl derivative 
After removal of Cl~ in methanol ivith AgaO, during vhich an odor of 
trimethylaimne became apparent, the dissolved base was freed from solvent 
and subhmed as usual 0 33 gm of resmous sublimate was obtained which 
was found to be still entirely basic The material could not be crystallized 

Dihydro-des-methylhehstne — 1 42 gm of des-N-methylhetisme hydro- 
chloride were hydrogenated m methanol with 0 1 gm of PtOj catalyst 
After 3 hours the reaction appeared complete when 87 cc or 1 mole of 
Hi had been absorbed by the substance 

The product separated in a volume brought to 5 cc as prismatic needles 
0 83 gm was collected at 0° vuth methanol Under the microscope it 
''began to change above 300° but especiall}’- at 308-310°, and then disap- 
peared by apparent sublimation from the hot stage at 315-318° This 
general behavior, the point of which vaiied somewhat with different samples 
or fractions, was not altered by recrystalhzation from methanol 

C iHjjOiNCl Calculated, C 66 02, H 8 45, found, C 66 10, H 8 25 

Additional fractions were obtained by addition of ether to the mother 
liquor 

The free base could not be obtamed crystalhne 

An attempt to increase the absorption of Hj in the presence of an excess 
of HCl m methanol solution did not change the result 

Found, C 65 80, H 8 41 

Dihydro-des-methylliehsine Methiodidc — The resinous base obtained from 
0 22 gm of the above salt was heated with 2 cc of meth}'! iodide at 100° 
for 6 hours An appreciable crystalline deposit formed which was sepa- 
rated from the solvent The crystals on recr3’’stallization from methanol 
Tyielded 95 mg of compact prisms or thm almost square platelets which 
jmelted under the microscope at 249-251° after sbght prehmmarj^ softenmg 

C HjiOsNI Calculated C 54 19, H 7 03, N{CH,) 6 10 
Found “ 54 47, " 7 14, “ 6 50 
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The above methyl lochde mother hquor concentration yielded an ap- 
preciable resmous residue which crystalhzed from 1 cc of methanol at 
0° as flat needles or platelets This fraction (46 mg ) smtered gradually 
above 263° and after some progressive softemng melted mcompletely from 
273-280°, but ciystals persisted till 295° 

Found, C 53 80, H 6 77, NCCH,) 6 98 

The attempt to carry this methiodide through the next stage of degrada- 
tion V as as follows 73 mg of methiodide (first fraction) after decomposi- 
tion with Ag 20 m methanol were freed from solvent and then subhmed at 

0 2 mm After heating to 215° the process was interrupted The resin 

1 ecovered from the condenser v eighed 53 mg After conversion to the HCl 
salt, 22 mg were obtamed in a first fiaction from methanol-ether This 
material under the microscope gradually subhmed vath decomposition 
at 296-300° 

C21H32O3NCI Calculated C 66 02, H 8 45, NCCHa) 3 93 
Found “ 65 93, “ 8 42, “ 4 33 

Oxidation of Dihydro-des-methylhehsine — 0 1 gm of the hydrochloride 
of this base in methanol was decomposed with a slight excess of silvei oxide 
After concentration of the clear filtrate all attempts to crystallize the free 
base weie futile The resin vas dissolved in 10 cc of acetone and 0 1 cc 
of acetic acid On addition of small amounts of povdeied potassium - 
permanganate, a gradual but defimte leaction occuived, but then reached 
a point where the leagent was very slowly used up and the amount added 
had totaled about 25 to 30 mg The filtrate was concentrated to lemove 
the solvent and, after addition of water, the base was liberated with alkali 
and extiacted with chloroform The latter yielded on concentration 80 mg 
of a colorless resm which gradually crj’-stalhzed The base crystalhzed 
from a chilled concentrated methanol solution as veil fonned long needles 
or flat prisms It melted under the microscope at 139-141° aftei slight 
prehmmary smtermg 

C.iH 0O3N Calculated C 73 42, H 8 52 
Found (o) “ 73 20, “ 8 24 
(6) " 73 34, “ 8 22 

Dehydrogenation of Helisine — ^The resmous base obtamed from 6gm 
of hetisme hydrochloride by decomposition with NaOH and extraction vith 
chloi oform v as mixed with 15 gm of selenium and heated m a slov stream 
of CO 2 for 2 5 horns at 340° The amount of substance which distillecl'' 
vas mappreciable and vas therefore discarded The reaction mass was^ 
thoroughly extracted mth hot benzene This extract was shaken first 
V ith 10 per cent HCl and then vath 5 per cent NaOH The acid extract 
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was made alkaline and extracted mth ether 0 75 gm of a crude basic 
fraction was thus obtained (Fraction B) The NaOH extiact was found 
to con tarn no appieciable phenolic or acidic pioducts The benzene solu- 
tion which remained and contained the neutral fi action yielded 2 25 gm 
of a brown tar on evaporation (Fi action N) Fraction B (0 75 gm ) of 
crude bases was dissolved in benzene and passed through a 12 mm X 10 
cm column of AI2O3 (E Merck and Company) On development vith 
benzene thiee zones v ere noted, a lower zone which v as distinguished by a 
blue fluorescence m ultraviolet light, an intermediate yellow zone, and an 
upper dark blown zone The thiee zones weie successiveli eluted vith 
benzene Fraction 1 amounted to 35 mg , Fiaction 2 was 130 mg , and 
Fraction 3 was 235 mg None of these could be crystalhzed direct^ 

On addition of an equal amount of picric acid m ethanol to Fraction 1 
it crystalhzed copiously After two recrystalhzations from ethanol, 15 
mg of small yellow platelets were obtained , micro m p 225-230° vith 
decomposition 

CisHnN CeliaOiNj Calculated, C 60 48, H 4 23, found, C 60 44, H 4 39 

Fiaction 2 (130 mg ) was rechromatographed on AI2O3 from petroleum 
ether solution By development with 40 per cent benzene m petroleum 
ether, a lower blue fluorescing band, followed in the ultraviolet light, 
was eluted from the column 30 mg of an oil resulted, from which a 
crystalhne picrate was readily piepared On lecrystalhzation from 
acetone, 28 mg of yellow-orange platelets were obtamed, micro mp, 
235-245° ivith decomposition 

CisHnN CsHjOtNj Calculated C 60 48, H 4 23 
CisHisN CsHjOzN, " “ 60 73, “ 3 84 

Found “ 60 67, “ 3 99 

A mixture of this picrate with the picrate prepaied from Fraction 1 melted 
at 225-235° ivith decomposition 

Fraction 3 yielded in similar manner a partially crj'stalhne picrate 
which aftei two lecrystaUizations from acetone gate 10 mg of a hght 
yellow powder, micro m p 320-325° 

C 19 H. 5 ON C 6 H 3 O 7 N 3 Calculated C 58 54, H 5 52, N 10 93 
CxsH ,ON CeH30,N3 » “ 58 31, " 5 89 ” 10 88 

Found '■ 58 46, “ 5 65, “ 10 51 

The neutral fraction (2 25 gm ) was chromatographed from benzene on a 
12 mm X 10 cm column of AI2O3 It was det eloped v ith benzene till the 
lower, blue fluorescing band (in ultratnolet hght) v as remot ed 0 42 
gm of a mobile yellow oil v as obtained 111 this fraction A second j ellow 
zone was then eluted mth benzene to jneld 0 32 gm of a resm The 
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uppermost dark brown zone was finally eluted with 1 per cent methanol 
m benzene and yielded 1 36 gm of a browTi tar These last two fractions 
were not further studied The first fraction i\as rechromatographed on 
alumina from petroleum ether and then developed with a mixture of 10 
per cent benzene in petroleum ether The eluate, collected before the 
fluorescent zone had begun to emerge, yielded 180 mg of a colorless oil 
The latter was distilled twice in a sublimation apparatus at 130° and 0 1 
mm 

CnHjj Calculated C 86 87, H 13 13, mol wt 446 45 
C»H6 o “ “ 86 47, “ 13 53, » “ 448 47 

Found " 86 70, “ 13 40, “ “ 445, 450 

The micro boihng point determined at 760 mm indicated it to he above 
260°, and at 26 mm at about 185° = 1 4805 

The succeeding blue fluorescent zone, on elution ivith 30 per cent benzene 
m petroleum ether, yielded 20 mg of an oil On addition of an equal 
weight of trmitrobenzene m acetone to this fraction and concentration to 
diyness, a residue was obtamed which crystalhzed from ethanol as yellow 
needles, micro m p 156-159° 

CieHi* CfilliOeNj Calculated C 62 98, H 4 09 
CuHis CeHjOsNs “ “ 63 71, “ 4 42 

Found “ 63 78, “ 4 48 

By chromatographmg this substance through AI 2 O 3 from benzene, the 
hydrocarbon was separated from the trimtrobenzene The oil ohtamed 
crystalhzed from ethanol and after recrystalhzation from ethanol, 4 mg 
of plates were obtained, micro m p 77-80° 

CisHu Calculated, C 93 15, H 6 85, found, C 93 10, H 6 89 

The melting point of a mixture of pimanthrene obtamed by the dehydro 
genation of staphisme (m p 80-84°) with this hydrocarbon was 80-84° 
The trimtrobenzene derivative again prepared from the crystalhne CicHu 
hydrocarbon formed yellow needles from ethanol which melted at 166- 
168° The meltmg point of the tnmtrobenzene derivative prepared from 
staphisine-pimanthrene was 166-168° and the meltmg point of a mixture 
of the two derivatives showed no depression A mixture of the pimanthrene 
denvative with the above crude trmitrobenzene denvative havmg a meltmg 
point of 156-159° melted at 162-168° It is most probable that this 
substance was an impure pimanthrene compound, as also indicated by the 
analysis The meltmg point of the recrystalhzed complex of pimanthrene'' 
and tnmtrobenzene, determined in a capillary, wms 161 5-162° Ruzicka j 
and Sternbach (4) have reported the melting point as 158-160 5° 

All analytical w ork was performed by Mr D Rigakos 
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ST7MMAEY 

An unproved method for the isolation of hetisine has been found which 
involves the continuous extraction of a strongly alkahne aqueous solution 
-inth chloroform after prehminary e\ti action of the othei alkaloids of the 
crude mixture vnth benzene Degradation of hetisine by exhaustixe 
methjdation proceeded one step to des-methylhetisme but the latter was 
regenerated by pyrolysis of its quaternary ammomum hydroxide Des- 
methylhetisine was hydrogenated to a dihydro denvative whose quaternary 
ammomum hydroxide also lost methanol to regenerate the onginal dihydro 
denvative The Hofmann degradation apphed to dihydrohetisine was also 
unsuccessful In this case no crystalhne intermediates could be isolated 
Selemum dehydrogenation of hetisine jnelded the hydrocarbon, piman- 
threne, and very small amounts of three basic substances, CisHitN, CisHuN 
or CisHivN, and C19H26ON The lattei were isolated as picrates 
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XVIII THE SYNTHESIS OP THE HYDROCARBON OBTAINED ON 
DEHYDROGENATION OP ATISINE 

Bt CHARLES P HHEBNER and WALTER A JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 

(Received for publieation, May 23, 1947) 

On the basis of the mterpietation of the products obtained by its oxida- 
tion and of its physical pioperties, it appealed that the mam phenanthrene 
hydiocaibon, C17H16, obtamed fiom atisme on dehydrogenation could be 
either l-methyl-6-ethylphenantlirene (Formula I) 01 l-ethyl-6-methylphe- 
nanthrene (1) Smce neither of these substances has been previously re- 
corded, it was of importance to check the coiiectness of either possibility 
by synthesis The synthesis of l-metliyl-6-elliylphenanih cue has non been 
accomplished and the comparison of the hydrocarbon and its ptci ate and 
tnmtrobenzene derivative has shown them to be mdistmguishable from the 
atisine hydiocaibon and its derivatives 
The Bogeit and Cook method (2) has been used for the synthesis of 1- 
methyl-6-isopiopylphenanthiene by Slatei (3) and vas closely followed in 
the present case jS (p-Ethylphenyl)ethyl hi omide was prepai ed bjr the action 
of phosphorus tiibi omide on 0(p'ethylphenyl) ethyl alcohol The lattei vas 
obtained by sodium reduction of p-eth5dphenylacetic estei but vas used 
without purification for the pieparation of the aboi e bromide The Giig- 
nard reagent prepared from the lattei nas condensed vith 2,6-dimeth3 1- 
cyclohexanone (4) The lesultmg carbinol also without punfication vas 
cychzed with H2SO4 and the crude octahydiopheinnthrene deinatne 
which was obtamed was dehydrogenated mtli selenium Tlie resulting 
l-methyl-6-ethylphenanthiene was sepaiated from the mixtuie with alum- 
inum oxide and isolated as the timitrobenzene dernatne (m p 148-140°) 
The picrate melted at 134-136'’ The hydiocaibon recoieicd from the 
picrate melted at 43-44° In melting points, mixed melting points, md 
other properties, the synthetic substances were mdistmguish''ble *' oni the 
C17H16 h3'^diocarbon and derivatives from atisine 
As a further check on the 1,6 positions of the alkjl substituents m the 
CitHic hydrocarbon from atisme, a synthesis was attempted of the diphen- 
yltetiacarboxjdic acid wdiich had been prei louslv obtamed from this In - 
drocarbon by oxidation An unambiguous nietliod for tins purpose ap- 
peared to be the oxidation of 1,6-dimetIiylphenanthrene The latter has 
alreadj’- been described bj’’ Haworth, iMann, and Sheldnck (o) Instead 

203 



204 


ACONITE ALKALOIDS XVIII 


of the method used by these workers, a somewhat different procedure has 
been employed parallehng the above preparation of l-methyl-6-ethylphe- 
nanthrene j3(p-Tol3d)ethyl bromide was condensed with 2,6-dimethyI- 
cyclohexanone to yield the carbmol which in crude form was cyclized to 
the octahydrodimethylphenanthrene The latter also without purification 
was dehydrogenated to i,6-dimethylphenanthrene, which agreed in all 
properties with a sample kmdiy sent to us by Professor R D Haworth 



The quinone already described by Haworth, Mavin, and Sheldrick was 
prepared from the hydrocarbon and on OMdation with permanganate 
yielded di'plienyl-2 ,3 ,2’ ,B'-ietracarboxyhc aad (Formula II) This acid 
and its tetramethyl cstci were indistinguishable from the acid and ester ob- 
tained from atisine 

In a latei communication will be described the conversion of an oxida- 
tion product of isoatisine to 1 , 6-dimethylpbenanthrene, a result v'hich 
therefore gives additional support to the present results The meaniug of 
the pioduction of a 6-ethylphenanthrene on dehydrogenation is not deal 
in connection vith the data at hand It raises the question whether the 
suggested diteipenoid structure of atisine is modified by substitution in the 
G position 01 whether such substitution is contnbuted by the so called 
N-ethyl gioup of the base The usual 7-isopropyl gioup, if present, may 
be so modified as to be lemoved completely during dehydrogenation and so 
to escape detection In the case of the CigHjo hydrocarbon from staphisine 
its identification as 1 ,3-dimethyl-7-isopropylphenanthrene (6) has slimvn 
the occurrence of the usual 7-isopropyl group m this alkaloid It is hoped 
to ascertain the significance of the production of a 6-etliylphenanthrene in 
other waj'^s 


EXPBttIMENTAL 

3(p-Ethyl'phcnyl)cihyl Bromide — p-Ethylphenylacetic acid was prepared 
according to Baker, Dippy, and Page (7), mp 90-92° These authors 
reported a melting point of 92° 12 gm of the acid were refluxed for 24 

houis in 200 cc of 3 per cent HCl in ethanol After removal of alcohol 
in vacuo ind addition of water, the ester was extracted with ether Frac- 
tionation Melded 11 gm of estei, which distilled at 128-130° and 13 mm 
The ester w as reduced to the carbmol by the general procedure described 



C F HtrCBNFR AND W A JACOBS 


205 


f 

in “Organic syntheses” (8) For this purpose, 8 5 gm of sodium iiere 
disintegrated to a powder undei 25 cc of toluene and 11 gm of the estei 
m 20 cc of absolute ethanol (dried by the magnesium metho\ide metliod) 
. were added in two portions The violent reaction soon subsided and 50 cc 
of ethanol followed by 10 cc of water w'ere giadually added The toluene 
and ethanol were then removed wuth steam and the lesidual crude alcohol 
was extracted wuth ether The dried extract on concentration jnelded 8 
gm of the alcohol, which was diiectly used for the next step of com eision 
to the bromide For this purpose, it was heated foi § hour on the bath 
with an equal wmght of PBra The excess reagent wns destioyed wnth ice 
and the bromide wns extracted wnth ethei Distillation at 123- 125° and 
15 mm juelded 6 gm of (3(p-ethylplienvl)ethyl bromide 

CioHuBr Calculated, C 56 34, H 6 15, found, C 56 65, H 6 20 

l-Meihyl-6-ethylphenanthrene — ^The Gngnard reagent prepared fiom 2 7 
gm of i3(p-ethylphenyl)ethyl bromide and 0 3 gm of magnesium in 5 cc 
of ether was chilled to 0° and treated dropwnse ivith 1 2 gm of 2 ,6-dimethyl- 
cyclohexanone (4) m 5 cc of ether After standing overnight at room tem- 
perature, the mixture w^as decomposed with dilute HsSOi and extracted 
ivith ether The extract was dried and after removal of solvent j lelded 3 5 
gm of crude carbinol The latter as such w'as added dropivise w'lth vigor- 
- ous Stirling to 9 cc of 85 per cent H2SO4 at 0° After 1 hour at loom tem- 
perature the mixture was extracted with peti oleum etliei The extract 
m turn on concentration gave 1 6 gm of crude octahydromethylethylphe- 
nanthrene The crude hydrocarbon as such w as heated wuth 1 3 gm of 
selenium for 6 hours at 300° and then for 1 hour at 340° The reaction 
mixture was extracted wnth petroleum ether and the extiact was passed 
through a 2 cm X 10 cm column of AI2O3 A fluorescent band which de- 
veloped was eluted wath 20 per cent benzene in petroleum etliei 1 2 gni 
of an oil were obtained after removal of the soh’^ent When this was 
treated wath an equal w'eight of tnnitrobenzene in ethanol, ci'j stalhzation 
occurred After twm recrystallizations from ethanol, 1 1 gm of the I- 
methyl-6-ethylphenanthrene-trinitrobenzene compound were obtained as 
fine yellow needles, m p 148-149° 

The tnnitrobenzene complex of the C17II16 hj^drocarbon from atisinc 
was indistmguishable from this substance and also melted at 148-149 
The mixture of the two showed no depression 

C, 7 H„ C,H,OjNj Calculated, C 63 71, H 4 42, found, C 03 S7, H 4 24 

A portion of the synthetic tnnitrobenzene complex w i*- decomposed bj 
passage of its benzene solution through an 4120? column Tlic lit dro- 
carbon which first emerged after remoial of sohent was distilled at 0 2 
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mm and 120° Tins matenal nas converted to the picrate m alcoholic 
solution After reciystallization fiom ethanol it foimed orange needles 
at meltmg pomt 134-136° The picrate of the CivHie hvdiocaibon from 
atisine also melted at 13-4-136° and a mixture of the tv o melted at the same 
pomt 

CuHie CsHjOjNj Calculated, G 61 44, H 4 26, found, G 61 61, H 4 15 

The hj’'drocarbon which nas legeneiated from the picrate with AI2O3 
was obtamed first as an oil which ciystallized fiom ethanol as pearly plates 
at melting point 43-44° The meltmg point of a mixtuie nath the atisine 
lydrocarbon (m p 41-43°) was 41-44° 

CiyHie Calculated, C 92 68, H 7 32, found, C 92 74, H 7 25 

^{p-Tolyl)elhyl Bioimdc — ^To a well stiiied solution of the Giignard re- 
agent from 50 gm of p-bromotoluene and 7 gm of magnesium m 200 cc 
of ether 13 gm of ethylene oxide m 100 cc of ether neie added diopwise 
Dm mg the process the temperature nas kept below 0° After standmg 
overnight, the mixtuie was refluxed for 1 hour, 200 cc of benzene vere 
then added, and the muxture was distilled until the vapors reached 65° 
Cold dilute H2SO4 nas added and the oil5’- layei was separated The dried 
oil was distilled at 15 mm and the fraction (23 gm ) at 113-116° nas col- 
lected The boiling pomt of /3(p-tolyl) ethanol prepared bj’’ Giignard (9) 
by another method nas repoited as 115-116° at 13 mm The biomide 
Mas then prepared from the alcohol Mith PB13 as described above for 
/3(p-ethylphenjl) ethyl bromide The resultmg bromide boiled at 105- 
108° at 15 mm Shoesmith and Conner (10) reported a boilmg pomt of 
103 5-105° at 11 mm 

Diplienyl-2 ,3,2' , 5'-tetracai boxyhc Acid — 1 , 0-Dimethjdphenanthrene Mas 
prepared b3’’ a series of steps M'hich paialleled exactlj”- the procedure de- 
scribed above foi the synthesis of l-meth3d-6-eth3dphenanthiene in M^hich 
at the start (3(p-tol3d)eth3d bromide was substituted foi /3(p-eth3dphpn3l)- 
ethyl bromide 0 5 gm of 1 , G-dimetlylphenanthrene m as finally obtamed 
from 3 5 gm of /3(p-tol3d)eth3d bromide and 1 8 gm of 2 , 0-dimetly lc3'^clo- 
hexanone The substance cr3^stallized fiom petroleum ethei and melted 
at 85-88° Mfiien mixed wath a sample of 1 , G-dimetlydphemnthrene 
(kiudh’’ sent to us b3^ Professoi R D Haworth) it shoved no depression 
0 5 gm dissoh ed m 1 5 cc of acetic acid M'as heated Math 1 gm of Cr03 
dissoh ed in 1 cc of m ater and 3 cc of acetic acid for 4 hours On chilling, 
180 mg of 3mlloM plates of the qumone, m p 205-206°, were obtamed 
v'v Haworth cl al (5) reported a meltmg pomt of 200° 

4 160 mg of the qumone dissoh ed m 2 cc of p3Widme and 5 cc of water 
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were heated on the steam bath and 1 2 gm of K]\In 04 were gradually added 
in the course of 30 minutes The MnOa was collected with w^atei and the 
(iltiate was again heated and treated gradually with an additional 0 5 gm 
of KMn 04 Excess leagent was i educed wuth NaHSOj and the filtrate 
was concentrated to small volume Acidification yielded a crj’^stallme 
crop which w as collected and recr 5 '^stalhzed fiom dilute acetone 50 mg 
of needles w^ere obtained, wfiiich melted at 340-345° No depression was 
noted wdicn it w^as mixed with the diphenyltetracaiboxyhc acid obtained 
from atisine and m other wa 3 "S appeared indistinguishable fiom the latter 

CieHioOs Calculated, C 58 17, H 3 05, found, C 58 00, H 3 IS 

The iciiamdhyl csi-ci was prepaied in acetone wath diazomethane and on 
lecrystallization foimed plates fiom benzcne-peti oleum ethei which melted 
at 150-151° The mixtuie with the meth}'! estei (m p 149-150°) from 
atisine melted at 149-151° 

CioHisOs Calculated, C 62 15, H 4 66, found, C 62 23, H 4 73 
All analyses w'ere pei foimed by Mr D Rigakos of this laboratory 

SUMUAHY 

The phenanthrene hydrocarbon, CirHic, obtained by dehydrogenation of 
atisine has been sho^vn to be identical with l-methyl-6-ethylphenanthrene 
which has now been synthesized The diphenyltetracarboxyhc acid oiigi- 
nally obtained by oxidation of the atisine hydrocaibon has been showm to be 
the expected diphenyl-2,3, 2',5'-tetracarboxyhc acid by companson wath 
the oxidation product of S3mthetic 1 , 0-dimethydphenanthrene 
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XIX FURTHER STUDIES WITH DELPHININE DERIVATIVES 
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(Received for publication, June 2, 1947) 

In repeated attempts to dehydrogenate both aconitine and delphinine 
with selenium, the product which could be isolated m either case was m an 
amount so small and of such a character as to make a study unprofitable 
and of doubtful value On the other hand, staphisine (1), atisine (2), 
hetisme (3), and napelhne (4) have all given dehydrogenation products 
which could be further studied It is possible that the difference in be- 
havior of the two groups of alkaloids, if not due to a divergence m the 
skeletal structures, is caused by the interference of special features such 
as the character, numbei, and positions of the substituents in the more 
highly substituted aconitine and delphinme It appeared therefore worth 
the attempt to simphfy the molecule m the latter by the prehminary 
removal of some of these groups With this in view, a further study 
of the degradation of delphinine has been made through its denvative, 
a-oxodelphmine 

Although the formation of «-oxodelphimne from the alkaloid has intro- 
duced the additional oxo group, this was compensated for b}' the removal 
of acetic acid on pjrrolysis to pyro-c£-o\odeIphinme As discussed belon, 
this loss of acetic acid is accompamcd by the production of a double bond 
The previously described (5) isomerization of the pjTO derivative mth 
HCl in methanol has smce been found to proceed very quickly and the 
resulting substance is now called zsopyi ooxodelphtnme The latter must 
be an intermediate in the foimation of the previously reported cliloro 
derivatives (6) obtained by the action of HCl m methanol on pjTO-a- 
oxodelphmine In particular, the substance C29Hs306NCl: appeared of 
interest foi fuither degradation attempts In this substance, tvo of the 
four methoxyl groups have been replaced by Cl Following prehmimry 
studies, it was found possible to remove the halogen vath zme dust in 
acetic acid The exact nature of the resulting crjstalhne mbstance vas 
somewhat difficult to interpret because of the different vajs in vhicli the 
Cl could be substituted Most probable appeared the replacement of I 
Cl atom by H and another Cl atom by acetoxjl, duo to interchange uith 
dissolved zinc acetate Titration experiments shoved defimtelj the 
consumption of 2 equivalents of alkali as required by the benzoyl and a 
new acetoxyl group Analytical results appeared to fax or this inter- 
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pretation and the formulation CsiHsjOsN In this substance there should 
still be present the oiigmal double bond of pyio-a-oxodelphimne, as well 
as those of the benzoyl group A second possibihty Y.hich has been 
considered is the removal of HCl mth the foimation of a new double bond 
and a formulation CsiHssOgN The difficulty at this point of purification, 
and of making certain of homogeneity, pievented a final decision with the 
substance itself 

Hydrogenation lesulted m a crystalhne substance which analyzed veil 
for C31H46O8N In some of the hydrogenation experiments, the apparent 
hydiogen absorption approximated 5 moles which, in addition to the 3 
moles of H2 required by the benzoyl group, would mdicate the absorption 
of 2 more moles and support the above doubly unsaturated formulation 
CsiHsbOsN But of greater importance was the correct mterpretation of 
the formulation of the hydrogenation product as CsiHLjbOsN, which u ould 
result by the complete hj’-drogenation of either of the above precursors 
This substance will be given the trivial name hexaliydrobenzoyloxodedel- 
pJiomne acetate On treatment with alkah the hexahydrobenzoyl and 
acetyl groups were leaddy removed with the formation of a crystalhne 
Qxodedelphomne, C22H33O6N (m p 306 - 312 °) Aside from stereochemical 
or othei possible rearrangements, this substance, m addition to the ongmal 
0x0, hydroxyl, and remammg two methoxyl groups of pjTooxodelphinme, 
has hydroxyl groups in place of a methoxyl group and the benzoylojo^ 
group, and H atoms m place of a methoxyl group and the original acetoxy 
group 

These transformations starting from a-oxodelphimne are indicated 
schematically as given in Formulas I to VII In the case of the substance 
in Formula V, the formulation C31H37O8N is assumed uuth onty 1 double 
bond 

It was previously (6) shown that the dichloro derivative on heatmg 
with methanol could be reconverted to its precursor now called isop3TO- 
oxodelphimne by the replacement of the Cl atoms by methoxyl groups 
The reactivity of the groups in the positions subject to these transforma- 
tions has been shovm further by the ready conversion of the substance 
C29H aOcNCb With sodium acetate in acetic acid to the diaceloxy derwaiivc 
C33H39O10N (Formula VIII) 

At this pomt advantage v as taken of the opportumty to test the effect, 
if anj'", of the partial removal of the groups from delphmme on the course 
of the selenium dehydrogenation For this purpose, the unsapomfied 
hexahydrobenzoyloxodedelphomne acetate, CsiHibOsN, was used 
A reaction mixture vas obtained vhich was defimtety larger m amount 
ml more workable than m the case of the original alkaloid In several 
*^tempts it vas possible to isolate by distillation and chromatography a 
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neutial hj-'drocaibon fiaction \\lijch appealed cliaiactenstic and possibly 
hoinogeneoiis Aualjsis and the molecular u eight dcteiimnation indicated 
a hydwcarhon, C17H24 This u as supported by the analj^sis of its ■picraie 
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The ultiaviolet absoiption spectrum of this matenal is shoiim in Fig 1 
IS stiongly suggestive of a bcnzenoid fctiucture and the formulation 
M ould indicate the presence of tii o othci rings or much less probably double 
bonds Since this substance is extremeh resistant to further dcln drogena- 
tion, at least m the tempeiature range eniplojed, the t\\o non-aromatic 
rings may be 5-menibeied With the amount of n atenal a^allablc, it 
has not been possible to go beyond the present point of general orientation 
Whether the hydrocarbon is a direct fragment of the ongmal molecule 
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or a somewhat unrelated artifact must await further stud 3 '‘ It is in a 
different category from the plienanthrene hydiocarbons obtained from 
the other group of acomte alkaloids Houever, its production from the 
delphinine denvative represents some progress over the experience with 
the alkaloid itself As opportunity presents, the attempt vail therefore 
be made to extend the study to other derivatives m which additional 
groups ha\ e been removed from the alkaloid 
The isolation of the above oxodedelphomne, C22H3306N, is the first 
experience with a delphimne saponification product which could be ob- 



Fig 1 O, Ci 7H''< hydrocarbon, O, fluorescent hydrocarbon from the debydroge 
nation (calculated for an assumed molecular weight of 220) 

tamed crystalline Thus the previously lecorded delphomne, pyrodel- 
phonme, and a-oxodelphomne were obtamed only as resms (7) In a more 
recent attempt watli pjuo-a-oxodelphmme its sapomfication product 
'pyro-o.-oxodelphomne hkewose could not be crystalhzed On the other 
hand, consistent wath the above experience several other derivatives of the 
tso senes have now been obtamed crj’stalhne Isopyroxodelphimne on 
saponification lias yielded a crj'Stalhne isovyrooxodelphonnie, C-jiHssOtN 
(mp 219°) 

In connection wath the correct interpretation of the degree of unsaturation 
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of the above substance C31H37O8N (or C31H36O8N) it was necessary to 
return to a study of p3uo-a-o\odelphinine, since the former was obtamed 
from the latter through the intermediate dichloro derivative, C29H33OCNCI2 
Our lecent woik has shown that the loss of acetic acid on pyrolysis of 
a-o\odelphinine to yield pyro-a-oxodelplumne is accompanied by the 
production of a double bond The pieviously desciibed so called he\a- 
hydrop3TO-a-oxodelphmine (5) has been remterpreted as an octahydio- 
pyro-a-oxodclphimnc, C31H47O8N Similarly when the isomer isopyro- 
oxodelphinine is hydiogenated, 4 moles of H2 are absorbed with the produc- 
tion of octaliydroisopyi ooxodelpJnmne (m p 212-216°) The latter on 
saponification to remove hexahydrobenzoic acid 3uelds cr3rstallme 
dthydrotsopyrooxodelphomtie (m p 197-198 5°) 

Although an opportunity has not been found to recheck the presence 
of double bonds in the pyro derivatives of the alkaloids themselves such 
as p3T’odelphuune or pyroacomtme, there appears no longer reason to 
assume that then formation proceeds differently from what has been shown 
m the case of the above oxidation products 

At this point expenence in a somewhat unrelated category mth certain 
delphimne denvatives will be recorded In earlier woik (5) the oxidation 
of delphinine vnth permanganate was shown to yield the isomeric neutral 
derivatives a- and /3-oxodelphinine a-Oxodelphinme, although still a 
C33 denvative, no longer analyzed for an N-methyl derivative as in the 
case of delphimne itself This paralleled the experience with oxomtinc 
and oxoacomtme, the oxidation products of aconitine, as well as in other 
recorded instances It was assumed that /3-oxodeIphinme behaved 
hkevuse However, this has now been found to be mcori ect The occasion 
was taken recently to complete the analytical study of a senes of delphimne 
derivatives to aid in the interpretation of their inteiTelationships /3- 
Oxodelphmme as well as the methylbenzoyl-jS-oxodelphonine obtamed 
from it by replacement of acetoxyl by a methox3d group has now been 
anal3^2ed as N-methyl derivatives The results of these anal3’’Ees are 
presented in Table I 

The previously recorded 7-oxodelpIiimne and its derivative, meth3d- 
benzoyl-'>-oxodelphonine, have also analyzed as N-meth3d compounds 
In the earlier account of these substances, a close snnilant3' in properties, 
except m rotation, to i3-oxodelphmine and its derivative was reported and 
this IS again shown by the N-methyl deterrmnations It appears verv' 
probable that the two senes differ only m a configurational \\a3 On the 
other hand, there must be a more pronounced structural divergence from 
a-oxodelphinme and from oxonitine and oxoacomtme It appears that in 
the lattei cases their formation involves a rearrangement of the N-alkvl 
group or that this alk3d group functions as a cross Imk betv een the N and 
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the lest of the molecule and is the pomt of oxidation It is also possible 
that the so called N-alkyl gioup is really a somewhat labile C-alkyl group 
Minch IS stahihzed by the oxidation 

experimental 

Oclahydi o-pyro-a-oxodclplnnwc — A repetition of the previously (5) reported 
hjdiogenation wuth platinum oxide confirmed the absoiption of 4 moles 


Table I 

N^-Meikyl aitd Mclhoxyl Analyses 



Found 

Calculated 

Nca 

OCHj 

NCHs 

OCHi 

Delphinine 

2 36 

20 40 

2 51 

20 71 


2 30 

20 38 




2 54 

20 87 



a-Oxodelphimne 

0 52 

20 90 

2 45 

20 23 

Methj Ibenzoj I a oxodel- 1 

0 G9 

26 17 

2 56 

26 47 

phonino 



j 


P Oxodelphimne 

2 04 

20 40 

2 45 

20 23 


2 04 

19 77 

1 



2 00 

20 00 



hlethjlbenzoyl p oxodel- 

2 25 

26 75 

2 66 

26 47 

phomne 





T Oxodelphinine 

2 17 

19 81 

2 45 

20 23 

Methj Ibcnzoj l- 7 -o\odeI- 

2 44 

25 86 

2 56 

26 47 

phomne 





Oxomtine, CasH^Oi N 

0 35* 

19 60 

2 32* 

19 22 

Oxoacomtine, CsbHisOi-N 

0 63* 

19 17 

2 2S* 

18 82 


0 61 

19 50 




* The N-<vlkjl deternunations vith oxomtine and oxoaoomtine are given here as 
N-CHj since the procedure for N C Hb was not used in these cases The calculated 
N-alk>l IS also given as N-CHj, although if present it should be N C.Hs 


of m excess of the catalyst requirements , 7 c , 0 2 gm of pyro-a-oxo- 
delplunme absorbed 40 cc at22°,mp 186-189° after pi eliminaiysmtermg 

CsiHitOsN Calculated C 66 26, H 8 44 
Found “ 66 48, “ S 43 
“ 66 50, “ 8 46 

Isopyrooxodelplnmnc — This substance is foimed more readily than at 
first reahzed from pyro-a-oxodelphmme On vanning in 30 parts of 3 
per cent HCl m methanol, the latter dissolves but is soon replaced by a 
verj’^ spanngly soluble powder of wedge-shaped crystals Thismatenil 
IS sbghtly contaminated with the previously desenbed sparingly soluble 
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cbloro deiivatjve, CaoHoeOvNCl (6), A\hich is difficult to letnove by re- 
crystallization 

The melting point' was found to be 292-296° 

[qJd = —13° (c = 0 98 in pyridine) 

CsiHjsOsN Calculated C 67 23, H 7 10 
Found “ 66 82, “ 7 07 

For comparison, the rotation of pyro-a-o\odelphmine uas determined 
Wd = +71° (c = 1 04 in pyridine) 

Isopyioo'codelpho7iine — 0 1 gm of isop^u ooxodelphmme uas ieflu\ed 
in a mixtuie of 7 cc of methanol and 0 5 cc of 10 pei cent NaOH foi 20 
mmutes, during which it gradually dissolved The diluted mixture uas 
extracted i\ath chloiofoim The extract on concentiation left a lesin 
iihich, ulien redissolved in acetone and alloued to evapoiate, yielded a 
crystalline mass The ci^stals iiere someiihat soluble in acetone and 
were more readily manipulated fiom an acetone-ethei mixtuie fiom uhich 
it formed needles uhich ueie solvent-fiee It melted at 219° aftei slight 
pielnmnaiy sinteiing 

C aHmOiN Calculated C 64 10, H 7 85 
Found “ 64 37, » 8 08 
“ 63 70, “ 7 90 

Oclahydi oisopyrooxodelplnnine — ^The hydiogenation of 0 2 gm of iso- 
pjorooxodelpbrnme m acetic acid uith 50 mg of platmum oxide catalyst 
vas completed aftei about an lioui The absoiption was somewhat m 
excess of 4 moles Aftei filteiing fiom catalyst and concentration tii 
vacuo the residue readib"^ ciystallized under ethei It formed solvent-fiee 
tiiangulai micro platelets from chlorofoim-ethei which melted at 212-216° 
after preliminaij^ softening, especially above 209° 

CsiHflOsN Calculated C 66 26, H S 44 
Found » 66 23, “ 8 44 

Dxhydt oisopijroozodeJphownc — 70 mg of the preiious octah 3 dro deriva- 
tive readily dissolved in a mixtuie of 2 cc of methanol and 0 5 cc of 10 
pel cent NaOH On bunging to a boil, some odoi of hexab^ drobenzoic 
acid Avas at once appaient After shoit boiling, clear age was complete 
The mixture was somewhat diluted and the methanol was boiled off 
On bemg cooled the mixtuie icmamed cleai ilfter acidification watli IICl 
the strongl 3 ’’ smelbng hexah 3 diobenzoic acid was first remored wath petro- 
leum ether The aqueous phase was then extracted wath chloroform 

* All melting points reported, unless otherwise stated, arc corrected nucro melting 
points 
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The lattei yielded a residue which crystallized from an acetone-ether 
mixtuie On recrystalhzation it formed solvent-free micro pnsms and 
platelets which melted at 197-198 5° after shght prehmmaiy sintering 

C2,H3707N Calculated C 63 81, H 8 26 
Found “ 63 48, “ 8 26 

Diacetoxy Derivative, CazHs^OioN — The previously described substance, 
C29H3^0 gNC12 ( 6), was treated as follows 0 1 gm was refluxed m 5 cc of 
acetic acid with 0 5 gm of fused sodium acetate for 3 hours, durmg which 
NaCl separated The diluted mixture was extracted tvith chloroform, 
which m turn was washed free of acetic acid The extract after concentra- 
tion to small volume and addition of ether crystalhzed as micro rods or 
short flat prisms It did not melt sharply After prelimmary sintermg 
above 235°, it softened, especially above 270°, and sank to a resin at 
275-280° 

C33H39O10N Calculated C 64 99, H 6 45 
Found “ 64 95, “ 6 59 

11 84 mg of substance weie refluxed 2 5 hours m a mixture of 0 7 cc of 
alcohol and 1 200 cc of 0 1 n NaOH and titrated back against phenolphthal 
em Alkali consumed 0 617 cc , calculated for 3 equivalents 0 584 cc 
Substance CziHziOsN (?) — 0 5 gm of the dichloro derivative C29H33O6NCI2 
vere refluxed vith 2 6 gm of zmc dust m 25 cc of acetic acid for 3 hours 
After separation from unchanged zinc the diluted mixture was extracted 
with chloroform The latter was washed m turn with water, dilute 
Na2C03, and water, and concentrated The substance ciystalhzed on 
careful addition of ether It separated from chloroform-ether as a crust 
or povder of compact microciystallme aggregates m which mdividual 
crj'stals were difficult to discern The melting pomt m a capillary was not 
sharp and aftei prehmmaiy discoloration and sintermg, especially above 
^30°, the substance gradually shrank to a resm which slowly melted at 
243-248° to a liquid filled vath bubbles (uncorrected) Under the micro- 
scope after some prehmmaiy softemng above 240° and especially above 
245°, it giadually melted at 250-260° but crystals remamed until 266 
(corrected) Recrj'stalhzation did not appear to alter the behavior The 
substance vas halogen-free 
For analysis it was dned at 110° and 0 2 mm 

C31H37OSN Calculated C 67 48, H 6 76, OCH, 11 25 

CciHssOsN “ “ 67 72, “ 6 42, “ 11 30 

Found (o) “ 67 35, " 6 30 “ 10 52 

(6) “ 67 51, “ 6 60 

(c) “ 66 80, “ 6 60 \ 

165 mg of substance (a) vere refluxed for 1 hour in 2 cc of ethanol and 
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2 07 cc of 0 1 N NaOH and titrated back against phenolphthalein Calcu- 
lated for 2 equivalents, 0 44 cc , found 0 46 cc 

Hexahydrohcnzoyloxodedelphonine Acetate, CnH^OsN — The hydrogena- 
'fion of the previous CaiHsTOsN derivative proceeded readily in acetic acid 
0 1 gm mth 50 mg of platinum oxide absorbed within 1 hour 19 cc of Ho 
in excess of the catalyst requirement Calculated for 4 moles of Ho, about 
17 cc The filtrate from the catalyst on concentiation left a residue vhich 
crystalUzed under ether On recrystallization by addition of ethei to the 
concentrated solution in acetone it sepaiated as minute micio, mostl3^ 
tnangular, platelets, which melted at 187° after some pieliminarj'^ softening 
above 183° 

In another experiment ivith 3 94 gm of substance, the lecoided absorp- 
tion of Ho Math 0 2 gm of catalyst was about 813 cc of Ho foi the substance 
The approximate 4 mole requirement is 658 cc , and for 5 moles 822 cc In 
other expenments the observed absorption again approached the 5 mole 
requirement 

CjiHuOaN Calculated C 66 50, H 8 11 
Found (o) “ 66 39, “ 8 07 
(b) “ 66 48, “ 8 07 

Oxodedelphomne, CiiHzzOtJSi—O 72 gm of the preceding substance uas 
dissolved in 15 cc of methanol and treated while warm vith 2 cc of 10 
per cent NaOH After refluxing for 15 nunutes the imxture uas neail}" 
neutrahzed with H2SO4 and concentrated to remove methanol The mix- 
ture, which smelled strongly of hexahj^drobenzoic acid, deposited a crop 
of small ghstenmg rods and prisms 0 24 gm was collected v itli watei 
The mother Uquor on concentration yielded a second crop For recrjstal- 
lization it was dissolved m hot somew'hat diluted methanol After fuithcr 
dilution and boihng off the methanol, the substance crystallized fiom about 
5 cc of H2O as small flat prisms, or 4-sided often rhombic platelets uhich 
were anhydrous and melted at 306-312° after some preliminary sintering 
above 292° 

C HjjOjN Calculated C 64 82, H 8 17 
Found (a) “ 64 87, “8 28 
(b) “ 64 88, “ 8 30 

Dehydrogenation of Hexahydrobemoyloxodedelphomnc Acetate 1 G3 gm 
of the substance CsiIHsOsN a\ ere ground v ith 2 9 gm of selenium and 
heated m a sealed tube at 330° for 6 hours The residue vas puherized 
and then exhaustively extracted vnth hot benzene The extract v as shaken 
Bath 10 per cent HCl The aqueous phase u as concentrated to a fev cc , 
made alkahne, and then extracted with ether The latter jaeldcd onlt 5 
mg of a yellow resm from which nothing crj^stalbne uas obtained The 
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benzene phase -v^as then shaken Mith 5 per cent KaOH nhich, m turn, was 
acidified and repeatedly extracted •with ether On ei apoiation, the latter 
jnelded 60 mg of a brown hqmd in which the odoi of he\ah3'’drobenzoic 
acid was apparent This fraction w hen dissolved in the minimum of hofi 
HoO 3’’ielded 15 mg of benzoic acid, m p 122-124° 

The remammg benzene solution of neutral matenal on evaporation left 
250 mg of a brown oil It was redissolved m benzene and passed through 
a 12 mm X 10 cm column of AloOs and then de\ eloped ivith benzene under 
ultrainolet hght The first blue fluorescmg zone eluted wath benzene 
3nelded 125 mg of a 3'^ellow oil A second fraction of 15 mg of a 3ellow 
resm then followed A dark colored zone which remamed at the top of 
the column was eluted with 2 per cent methanol m benzene and gaa e 100 
mg of a black tar But these last tw o fractions proved to be too mipromis- 
mg for further study 

The first fraction was then rechromatographed fiom petroleum ether 
solution on AI2O3 and developed under ultraviolet hght, at first with pe- 
troleum ether which 3aelded 70 mg of a non-flu 01 escing od The blue 
fluorescmg zone was then eluted with 10 per cent benzene m petroleum 
ether and gave 40 mg of matenal The non-fluorescing fraction was 
treated with an equal w eight of picnc acid m ethanol and the 3 eUow cr3 stals 
obtamed w ere reciw^stalhzed from ethanol This material appeared to be 
a loosel3^ bound denvative WTien crushed between the glass shdes fox^ 
the micro meltmg pomt detenmnation, on the hot stage, the impre'^ion 
was obtamed that it had ahead3' become a imxtme of 3'^ellow needles of 
picric acid and an oil The apparent meltmg pomt was 121° 

Ci-H 1 CeHjO-Xj Calculi ted C 60 "ib, H 5 97 
Found “ 60 31, “ 5 63 

The h3 diocaibon w as legenerated from the picrate b3’’ passing its benzene 
solution thiough AI2O3 The lesultmg colorless oil (35 mg ) was distilled 
in a sublimation apparatus at 90° and 0 02 mm 

Ci-H;, Calculated C 89 40, H 10 60 
Found “ 89 48, “ 10 50 

A second deh3^drogenation experiment with 2 gm of startmg matenal 
and 4 gm of selenium was conducted for a longer tune at 325° for 16 hours 
and then at 340° for 3 hours The reaction mixture w as worked up as pre- 
vioush' B3' chromatographmg the neutral fraction on AI2O3, 100 mg of 
the non-fluorescmg h3’drocarbon were obtamed b3’' elution with petroleum 
ether and 15 mg of the blue fluorescmg fraction b3 elution wath 10 per cent 
benzene m petroleum ether Addition of an equal w eight of trmitrobenzene 
to the latter in ethanol 3aelded 5 mg of 3eUow needles, mp 140-148° 
Recr3 stalhzation from ethanol gave 3 mg of 3^ellow needles, m p 155-163 
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The substance was probably not homogeneous and the small amount 
made further purification impossible The analjdical data are nevertheless 
recorded vnth a possible interpretation 

^ CisHig CgHjOeNj Calculated C 64 40, H 4 74 
Found “ 64 26, “ 4 73 

80 mg of the non-fluoiescing hydrocarbon w^ere agam heated mth 160 
mg of selenium in a sealed tube at 325° for 20 hours and at 340° for 6 hours 
The benzene extract of the reaction mixture on concentration yielded a 
residue which was dissolved in petroleum ether and passed through a 12 
mm X 10 cm column of AI 2 O 3 65 mg of a colorless non-fluoresemg oil 
were eluted with the petroleum ether and were followed by 7 mg of a blue 
fluoresemg substance when 10 per cent benzene m petroleum ether was 
used This last material gave no crystallme derivatives and was un- 
questionably a complex mixture Its absorption spectrum (Fig 1 ) was 
not suggestive The non-fluoresemg fraction was distilled at 90° and 
0 02 mm 

C 17 H., Calculated C 89 40, H 10 60 
Found » 89 50, “ 10 60 

The molecular weight was determmed m camphor Calculated, 228 2, 
found, 235 The absorption spectrum of this substance is recorded in 
■Pig 1 

All of the analyses have been performed by Mr D Rigakos of this 
jaboratory 


SUMMARY 

The failure of previous attempts to dehydrogenate acomtme and 
delphimne mth selemum was caused possibly m part by the number and 
positions occupied by the substituting groups Initial efforts have been 
made to achieve simpler denvatives for further degradation studies by 
systematic removal of such substituents In the present vork pjTO-a- 
oxodelphimne, now shovTi to be an unsaturated pjTolysis product of a- 
oxodelphinme, has been used as the startmg pomt After isomenzation 
Math acid to isopyrooxodelphmme, a series of transformations was made 
which yielded finally a substance CziHasOtN m which some of the onginal 
0-containmg groups have been removed Dehydrogenation of an ester 
of the latter has yielded a hydrocarbon, CnHn, the absorption spectrum 
of vhich suggests that it may be a bici'clopentobenzene and in a different 
categorj’’ fiom the phenanthrene hydrocarbons obtained from the atisine 
group of acomte bases 



220 


ACONITE ALKALOIDS XIX 


The saponification products of a number of the isopyioo\odeIphimne 
senes have been obtained ciystalhne 
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CRYSTALLINE CARBOXYPEPTIDASE 

By HANS NEURATH, ELAINE ELKINS, and SEYMOUR KAUFMAN 

{From the Department of Biochemistry, Duke University School of 
Medicine, Durham, North Carolina) 

(Received for publication, May 5, 1947) 

Investigations of the enzymatic specificities of ciystalline proteoljiiic 
enzymes toward S 3 Tithetic peptide derivatives have shovm that, as a rule, 
catalj^sis IS limited to those substrates which contam the enz3Tne-specific 
ammo acid residue m the l configuiation, the n isomers of these substrates 
being entirely lesistant to h3'^diolysis fl) This antipodal specificity vas 
explamed by Bergmann and coworkers ( 2 - 4 ) b3'’ the potyaffinity theor3’-, 
accoidmg to which enz3me-substxate combination requires a fixed asym- 
metric airangement of the active gioups of the substiate and a complemen- 
tary anangement of the active groups of the enzyme, such that the binding 
planes described b3’- the lespectixm active groups can approach each other 
to vuthm a few Angstrom units In the case of the n antipodes, steric 
hindrance caused by the piotrusion of the relatively large enz3me-specific 
^ ammo acid residue is supposed to mterfere inth a close approach between 
the enzyme and the reactive groups of the substrate 

More recentl3’’, Bergmann and Fmton ( 5 ) reported inhibition of the en- 
Z 3 Tnatic hydiolysis of benzoyl-L-tyrosylglyeylamide by the coirespondmg 
D antipode, no hydrolysis occurring when either the racemate oi equimolar 
nuxtures of the l and n isomers of this peptide were tested uith chymo- 
tiypsm or papam Stahmann, Fruton, and Bergmann ( 6 ) reported that 
the addition of an equimolar concentration of carbobenzoxyglycyd-n-phcnyl- 
alanme to the n isomei decreased by about 60 per cent the first order 
reaction constant of the hydrolysis of the latter b3’’ carbo\3q)eptidase * 

Both phenomena were tentatively explamed b3'’ the assumption of the 
formation m solution of a stable racemate, the affinities of the optical anti- 
podes for each othei being greater than that of the l antipode for the en- 
zyme ( 5 , 6 ) The validity of this h 5 T 3 othesis for the antipodal uihibition 
of carbox3q)eptidase may be questioned on the grounds that carbobenz- 
oxygLmylphenylalanme is an anion and that electrostatic repulsion betu een 
the isomers would counteract an3’’ tendency for association • Stahmann, 

' Similar inhibition observed on the addition of relatn elj h 5 drob sis-rcsistant 
I carbobenzoxyglycyl ammo acids to the n phenj lalaninc homologuc was ascribed bi 
these authors to a different mechanism 

-Similar considerations ha\e been previouslj applied bj Jacobson (7) to the 
positively charged benzojl-DL argimnamide which, unlike the uncharged banroil- 
DL-tyrosj Iglycjdamide (5), is readilj hjdroljzedbj trypsin 
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Fruton, and Bergmann (6) offer the alternative suggestion that the inactive 
D isomer of this substrate combines mth the enzjTne at but one point, 
whereas Paulmg (8) proposes that m cases in which antipodal inhibition 
has been observed the enzyme is stnicturallv complementary to a strained 
configuiation of the l isomer, intermediate in configuration between those 
of the L and n foims 

A sjstematic mi estigation of the mechanism of inhibition of carboxy- 
peptidase, non undei way m this laboratorj’-, has led to a remvestigation 
of the reported antipodal inhibition of the hj’^drolysis of caibobenzoxj'^glycjd- 
phenylalanme (CGlyP) The data that have been obtained are at variance 
with those prenously reported (6) and appealed of sufficient importance 
for the problem of antipodal inhibition to be presented herein in some detail 

EXPERIMENTAL 

Substrates — The sjmthesis of carbobenzoxygb cylphenylalanine from car- 
bobenzo\ 3 ’’gl 3 ’’C 3 d chloiide and phen 3 dalanine eth 3 d estei vas earned out 
essentially as desenbed b 3 '^ Hofmann and Bergmann (9) However, m ^^el\ 
of the brent 3 ’^ of their account some essential details aie given herein Fol- 
lowmg the addition of p 3 'ndine to carbobenzo\vglycylphcn 3 dalamne eth}’! 
ester, piepaied from 1 9 gm of phen 3 dalanme ethyl ester hydiochlonde, 
the ether la 3 ’’er v as removed and washed consecutiveb’’ v ith v ater, dilute 
HCl, vatei, sodium bicaibonate, and vatei , and then dried over anhydrous . 
sodium sulfate Upon removal of the ethei in vacuo, the peptide ester pre- 
pared from racemic phenylalanine crystallized, v hereas those prepaied from 
the optical antipodes of phenylalanine remained as an oil After one re- 
crystallization from ethanol-v ater, the melting pomt of caibobenzoxygb"- 
C3d-DL-phenylalanine eth 3 l ester vas 90-91° (corrected) and the nitrogen 
content 7 2 per cent (calculated 7 3 per cent) 

Saponification of the peptide ester was effected b 3 '^ dissolving it in 50 cc 
of absolute ethanol, followed b 3 '- the addition of 15 cc of 1 n NaOH The 
mixture vas shaken and then acidified with HCl to Congo led, as described 
previously (9), and concentrated in vacuo until crystallization began Car- 
bobenzo\yglyc 3 dphenylalanine was recrystallized from a muxture of eth 3 d 
acetate and etlyl ether Maximum final yield, 2 8 gm from 1 9 gm of 
phen3dalanme eth 3 d ester hydrochloride (95 per cent of theoretical 3 neld) 

This procedure vas followed for the S3mthesis of the dipeptide fiom L-, 
D-, and DL-phenylalanme ’ Both isomers and the racemate had identical 
nitrogen contents of 7 8 per cent (calculated 7 8 per cent) The corrected 
melting points of the l and d isomers were identical, i e 125-126°, whereas 

’ L-Phenj lalanine iias prepared in this laboratory by Mr John E Snoke by 
resolution of the racemate n-Phenylalanine nas obtained through the courtesy of 
Dr W H Stem of The Rockefeller Institute for Medical Research 
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that of the lacemate was 159 5~I60 5° jMi\tures of the racemate and the 
L isomer melted over a wide range (125-150°) The optical rotations of 
the L and d isomeis in absolute ethanol weie, respectively, = +36° 
and “39°, as compared to +38 5° reported bj’’ Hofmann and Bergmann (9) 
for the L isomer 

Enzyme — Crj'stalline carbovypeptidase was prepared fiom fiozen beef 
pancreas glands as previouslj^ described (10) except for the follownng modifi- 
cations Recrj stallization was effected by alternating the procedures of (o) 
extraction of the ciystals wath 0 2 n LiOH up to pH 10, followed by crys- 
tallization on the addition of acetic acid to pH 7 6 to 8 0, and (5) dissolving 
the crj'^stals in 10 per cent LiCl, followed by graded diatysis in the cold 
against 5 pei cent LiCl, 2 pei cent NaCI, and distilled water In eithei 
case, dissolution of the crystals occurred moie rapidly and completely in 
the cold (ice-watei mixtui e) than at room temperatui e Six recrystalliza- 
tions w^ere sufficient to increase the proteol 3 dic coefficient of the enzjmie 
towaid CGIyP to a maximum level 

Methods — Enzjmiatic measuiements weie earned out at 25° m a 0 033 ji 
phosphate buffer, pH 7 5 Substiate concentration was about 0 05 M with 
respect to the n isomer The progiess of hj’’drol}’’sis w^as measured on 0 2 
cc aliquots wnththe manometric mnhydrm method (11) Enzyme solutions 
were prepared daily from a stock solution contaming about 0 3 to 0 5 mg 
of N per cc The latter was piepared about every 3rd day fiom a stock 
suspension of crystals Enzyme nitrogen concentrations w'ere determined 
woth the semimicro-Kjeldahl method 

Residis 

In agreement wnth previous data (9, 10, 12) it was found that oier a 
wude range^ the hydiolysis of n-CGlyP by cr 3 '^stalhne carboxjTieptidase fol- 
lows the kinetics of a firet older reaction The mean reaction constant, 
h, was deteimmed for each experiment fiom the slope of the straight lines 
obtained when logio (100/(100-per cent hydrolysis)) was plotted against t, 
the time in minutes First order reaction kinetics® weie likewise obsericd 
for the enzymatic hy'^drolj’^sis of lacemic CGlyP as well as for mixtures of 
the L and d isomers of this substrate Representatne data are plotted 
in Pig 1 

A summaiy of all kmetic expeiiments is given m Table I Proteolytic 
coefficients, C, were calculated m the conventional manner (12), in which 
the first order reaction constant per mg of enzyme nitrogen per cc is rep- 

^ Departure from linearity was observed when h^drolJSIS exceeded about SO per 
cent (c/ Fig 1) 

® In all experiments in which the d isomer was present, rates of hydrolysis were 
calculated with respect to the concentration of the n isomer 
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Fruton, and Bergmann (6) offer the alternative suggestion that the inactive 
D isomer of this substrate combines ivith the enzjune at but one point, 
whereas Paulmg (8) proposes that m cases m which antipodal inhibition 
has been observed the enzyme is structurally complementary to a strained 
configuiation of the l isomei, intei mediate in configuration between those 
of the L and d foims 

A systematic m\estigation of the mechanism of inhibition of carboxy- 
peptidase, now undei way m this laboratory, has led to a remvestigation 
of the reported antipodal inhibition of the hj^drolj’^sis of caibobenzoxyglycyl- 
phenylalanme (CGIyP) The data that hax e been obtained are at variance 
with those previousl}’’ reported (6) and appealed of sufficient importance 
for the problem of antipodal inhibition to be piesented herein in some detail 

EXPERIMENTAL 

Substrates — The synthesis of carbobenzovyglycylphenylalanme from car- 
bobenzoxyglj'-cj'-l chloiide and phenylalanine ethyl estei was carried out 
essentially as described by Hofmann and Bergmann (9) However, in view 
of the brevity of then account some essential details are given herein Fol- 
lowmg the addition of pyridine to caibobenzovs'glycylphenylalanine ethyl 
ester, piepared from 1 9 gm of phenylalanine ethjl ester hydiochloride, 
the ether laj’-er w as removed and w'ashed consecutivel}’' w ith w ater, dilute 
HCl, water, sodium bicarbonate, and watei , and then diied over anh 3 'drous 
sodium sulfate Upon removal of the ethei m vacuo, the peptide ester pre- 
pared from racemic phenylalanme crystallized, w hereas those prepared from 
the optical antipodes of phenylalanine lemained as an oil After one re- 
crystalhzation from ethanol-water, the melting point of caibobenzoxygly- 
cjd-DL-phenylalanine ethyl estei was 90-91° (coirected) and the nitrogen 
content 7 2 per cent (calculated 7 3 per cent) 

Saponification of the peptide ester was effected by^ dissolving it in 50 cc 
of absolute ethanol, followed by the addition of 15 cc of 1 n NaOH The 
mixture was shaken and then acidified with HCl to Congo led, as descnbed 
previously (9), and concentrated zn vacuo until crystallization began Car- 
bobenzoxy^gly'-cylphenylalamne was recrystallized from a mixture of ethyl 
acetate and ethyd ether Maximum final yield, 2 8 gm from 1 9 gm of 
phenylalanme ethyl ester hydrochloride (95 per cent of theoretical yield) 

This procedure w as follow'ed for the synthesis of the dipeptide fi om L-, 
D-, and DL-phenylalanme ® Both isomers and the racemate had identical 
nitrogen contents of 7 8 per cent (calculated 7 8 per cent) The corrected^ 
melting points of the l and n isomers were identical, i e 125-126°, wbereas 

^ L-Phenjialamne was prepared in this laboratory by Mr John E Snoke by 
resolution of the racemate D-Phenylalanine was obtained through the courtesy of 
Dr W H Stein of The Rockefeller Institute for Medical Research 
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resented by A,/ (mg of enzyme N pei cc ) The mean value for the pro- 
teolytic coefficient of caiboxypeptidase toward L-CGIyP, with thiee 
different enzyme concentiations, is compaiable to that prexnously reported 
(10), z e 115 ■\Vlule the enzyme is entirely inactive toward the d anti- 
pode of this substrate, it is as active towaid the racemic mixtuie as to- 
ward solutions contaimng only the l isomer The mean proteolytic 
coefficient' obtained from measui aments mth two diffeient enzjune piepa- 
lations, and in different concentrations of one of these, is 12 3 Approxi- 
mately the same value was obtamed rvhen the activity of caiboxypeptidase 
was measui ed in solutions contammg varymg absolute and relative concen- 
trations of the L and d isomers (Table I) 

DISCUSSION 

The results obtamed m this mvestigation are at variance with those pre- 
viously reported (6) and fail to provide any evidence for the antipodal in- 
hibition of the activity of carboxypeptidase by the d isomer of CGlyP 
Withm the limits of the experimental erroi, tlie pioteolytic coefficients for 
the hydrotysis of L-, dl-, and mixtures of l- and n-CGlyP, are the same, 
mdependent of enzyme concentration and independent also of the relative 
concentrations of the two isomers m the reaction mux-ture In the light 
of these findmgs, the system carbexj^ieptidase-CGlyP need no longer be 
considered an ex'ception to Bergmann’s theory of antipodal specificity of 
enzyme action It also follows from the present lesults that the racemate 
of CGlyP IS as suitable a substrate foi lonetic studies on carboxjTieptidase 
as the L isomer The use of the racemate as a test substrate is of practical 
advantage, smce the available methods for the lesolution of racemic phenyl- 
alanme are considerably laborious and mostly inefficient 

It is beyond the scope of the present investigation to explain the divergent 
results reported by Stahmann and coworkers (6) Confidence in the pres- 
ent data may be derived from the use of the more specific and accurate 
nmhydrm method, as compared to the alcohol titration method of Grass- 
mann and Heyde (13), for measurmg the progress of hydrolysis of the 
substrate The enzymatic puiitj'' of six tunes recr 3 ’-stalhzed carboxjiiep- 
tidase used m this work was the same as that premouslj’’ obtamed on the 
eight times recrystaUized enzyme (10), probablj'' because of the more ef- 
ficient recrystallization procedure uliich has been emploj ed herein While 
m the light of pievious expeiience (10) the enzjunatic puritj of a three 
times recrystaUized preparation, as used by Stahmann and covorkcrs (6), 
may be questioned, the evidence is msufficient to ascribe their results to 
tlus factor 


This \\ ork has been supported bj'' grants from the Rockefeller Foundation, 
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the Division of Grants, National Institute of Health, United States Public 
Health Service, and from the Duke University Research Council 

SUMMARY 

Kmetic studies on the hydrolysis of L-, D-, dl-, and mixtures of l- and 
D-carbobenzoxyglycylphenylalanme by six times recrystalhzed carboxypep- 
tidase are reported In contradistinction to previous leports, it was found 
that the rate of hydrolysis of the l isomer is independent of the presence 
in the reaction imxture of the d isomei of this substrate, although, in agree- 
ment vath previous data, the enzyme was found to be entirely inactive 
toward the d isomer Smce no evidence for antipodal inhibition v as found, 
the system carboxypeptidase-carbobenzoxyglycylphenylalanme need no 
longer be considered an exception to Bergmann’s theory of antipodal spe- 
cificity of enz3Tne action Hence the racemic mixture of this substrate 
appears a valid testmg material for enzymatic studies The physical prop- 
eities of carbobenzoxyglycyl-DL-phenylalanine ethyl ester and of carboben- 
zoxyglycyl-DL-phenylalanme have been described 
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Last yeai a ne\\ ciystallme piotein fiom beef pancieas iias isolated in 
this laboiatoiy (1) Fieshly piepaied piotein shoiied high tlijanonu- 
cleodepoljoneiase activity vhich deci eased sharply dm mg subsequent 
reciystallizations 

It was oiigmallj thought that the cnstalline piotein lepiesented a 
partially inactivated th 3 Tnonucleodepol 3 Tneiase Latei, it uas shown (2) 
that, -with moie piecautions duimg lecrystallization, the nucleoljdic 
actmty aecumulated in the mothei liquoi , it vas concluded, thciefoie, 
that the cij’stalline piotein is not a nuclease" It vas also noticed that 
the crystalline piotein exhibited pioteoljdic activity, and this actmtj (3) 
could be consideiably inci eased bj'’ tieatment eithei inth cijstalline 
trjqisin oi with an aqueous extiact of duodenal mucosa 

Foi reasons of simplicity, the new cij'stalbne piotein will be lefencd to 
in this papei as piotein B, oi zjnnogen B The object of this papei is to 
present a moie detailed studj" of the pioteoljdic action of z 3 miogen B and 
of its activated foim 


Methods 

In the eailv expeiiments, z 3 Tnogen B was picpaied accoiding to the 
method pieviously desciibed (1) Latei, the method of pieparation w is 
modified as follows 

The precipitate, obtained in the thud step of McCait\’s method (4), 
was dissoh ed m 4 a olumes of watei plus 1 1 olume of w acetate buffer, pH 4 , 
the solution was adjusted to pH 4 Foi each 100 cc of solution, 25 cc of 
a saturated solution of ammonium sulfite weie added llie pietipitate 
(Fiaction A) was centiifuged off and washed twice, each time wath one-half 
of the pieMOUS a olume of 20 pei cent saturated ammonium sulfate, con- 
taining 20 pci cent of ai acetate buffei , pH 4 

* Aided bj grants from the Donner Foundation Inc and the lolm and Marj ll 
iMarkle Foundation 

t Some of the data included in this report were taken from a tho'is submitted b\ 
Cecilia K Keith to the Graduate School of Marquette L nn ersiti in partial fulfilment 
of the degree of ^Master of Science 

' Since that time, nuclease has been considerable purified (unpublished) 
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The filtiate and nashings neie combined, pH nas adjusted to 6 5 mth 
5 X sodium hydi oxide, and a satuiated solution of ammonium sulfate nas 
added to make the solution 40 pei cent satuiated nith lespect to am- 
monium sulfate , a collection ii as made foi the i olume of sodium hydroxnde 
added The piecipitate iias filteied and washed intli one-half of the 
ongmal volume of 40 pei cent satuiated ammonium sulfate, containing 
20 pei cent of m acetate buffei , pH 6 5 The combined liquid and washings 
(Fi action C) weie used foi the fuithei punfication of the nuclease 



Fig 1 Protein B (foini Bi), three times recristallized, X 1000 

The washed piecipitate (Fiaction B) consisted almost cntiiely of piotein 
B, which was obtained in two diffeient cijstalline foinis, lefeiied to as i 
(small needles, Fig 1) and B 2 (plates, photogi iph published pienously (^^^ 
The washed piecipitate B was dissolved m a minimal amount of ’ 
the watei being added first a few cc at a time, then diop bj diop 
a deal solution was obtained, the pH was adjusted to 5 5 wath N su 
acid, this lesulted in the formation of a cij'stallme piecipitate Bi 
tube was left at 100 m tempeiatuie foi 24 houi-s to complete the civs a ' 
tion and was then centiifuged The mothei liquoi was diahzed ^ 
0 01 xi acetate buffer, pH 5 5, foi 5 days in the cold A paitially J 
piecipitate lesulted which was lecijstallized as pievioiisl} descii e 
and jnelded tj pical plates of the B* foim , y^^jer 

Since protein Bi was obtained m a diffeient civstalhne foim anc 
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somewhat different conditions than protein Bz (ammonium sulfate concen- 
tration about 25 per cent of saturation for the former and none for the 
latter), it was oiigmally suspected that the two proteins may not be identi- 
cal Their behavior toward activation and mhibition was, howevei, very 
similai The final proof of identity was obtained in the followmg manner 
Protem Bi W'as iecr 5 '’stalhzed thiee times by dissolvmg the ciystals in 
25 per cent saturated ammonium sulfate at pH 6 5, and then brmgmg the 
pH dowm to 5 5 The final crystallme pioduct, which was of the Bi form, 
was dissolved in water and acetic acid at pH 4, and dialyzed agamst 0 01 m 



Pig 2 Influence of pH on activity All tubes contained 2 6 cc of 0 5 per cent 
2asein, 0 5 cc of enzyme solution, and 2 0 cc of appropriate buffer pH was meas- 
ured by means of a glass electrode 

acetate buffer, pll 5 5 This resulted m a crj^stallme precipitate which 
apon micioscopic examination, proved to be t 3 'pical plates of the Bo foiTn 
These cij'^stals were lecrystallized twoce by dissolving m dilute acetic acid 
it pH 4 and bimgmg the pH up to 5 5 The final crj^stals of the B- form 
nere dissolved in 25 per cent saturated ammonium sulfate at pll G 5, the 
pH was brought down to 5 5 Typical needles of the Bi form were ob- 
tamed In the desciiption of the experimental findings, the sjunbols Bj 
and Bo weie retained to indicate a difference in the method of preparation 
The proteolytic actinty was determmed as follows 2 5 cc of 0 5 per cent 
sasem solution, adjusted to pH 9, were placed m a 15 cc centrifuge tulx; 
and mixed wnth 2 cc of 0 2 m borate buffer, pH 9, and 0 5 cc 'of enzyme 
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solution, diluted according to the expected proteolytic actinty The 
mixture was incubated 10 minutes at 37°, following ulucb it i\as treated 
with 5 cc of a 20 per cent trichloroacetic acid The imdigested casein n as 
centrifuged, 2 cc of supernatant liquid were transferred to a Elett tube 



Fig 3 Influence of the concentration of substrate on activity All tubes con- 
tained 0 5 cc of a solution of zymogen B*, Sample 8, 2 5 cc of casern solution of 
appropriate strength, and 2 0 cc of 0 2 m borate buffer, pH 9 The enzyme solution 
contained 0 1 mg of protein per cc 

and treated with 4 cc of n sodium hydroxide and 1 cc of the phenol reagent 
of Polm and Ciocalteu (5), diluted with an equal volume of vater The 
color nas read in a Iflett photoelectric colorimeter and vas compared with 
a standard curve for tyrosme A control tube, contaimng the same quanti- 
ties of buffer and casein solutions, was set up for each experimental tube 
The enzyme was added to the control tube after the addition of trichloro- 
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acetic acid The tyiosme value found m the control tube was subtracted 
from the value found for the experimental tube 
The enzymic activity vas expressed m tyrosme umts 1 tyrosine unit 
IS defined as the amount of enz3Tne which, under the previously’- specified 
conditions, will libeiate 1 X 10~® milhequivalent of acid-soluble tyrosine 
per sample The choice of such a unit was based on the results of experi- 
ments performed on unactivated zymogen B, and shon-n m Figs 2, 3, and 4 



Fig 4 Influence of enzyme concentration on acti-vity All tubes contained 2 5 
cc of 0 5 per cent casein solution, 2 0 cc of 0 2 m borate bufi^er, pH 9, 0 5 cc of a 
solution of zymogen B 2 , Sample 8, of appropriate strength 

A limitation, however , was mtroduced m new of the experiments shown m 
Fig 4 The proportionality betn een the amount of enzyme used and the 
amount of liberated ty’rosine existed only belov the \alue of 2 units per 
'sample In order to simplify the direct comparison of the activity of 
different samples, only’ the readings which fell mthin this limit were used 
Under the conditions of the experiments, only’ readings of less than 150 on 
the lOett scale w ere considered to be accurate 
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EXPERIMENTAL 

The activation experiments were carried out with crystallme trypsin, 
crystallme chymotrypsm, crude aqueous extract of duodenal mucosa, and 



Fig 5 Activation of protein Bj, Sample 14, nith crystalline trypsin, prepared 
by C K K , and purified enterokinase, obtained from Dr M Kunitz The solution 
of zymogen B contained 12 25 mg of protein per cc 1 cc of this solution was mi\ed 
n ith 1 cc of an appropriate buffer solution ii acetate, m phosphate, 0 2 m borate, and 
1 cc of trypsin solution, containing 0 02 mg per cc For determination of activity, 
0 3 cc of this solution nas withdrawn, diluted either 1 10 or 1 100, and tested In 
the experiment nith enterokinase, 1 cc of the solution containing 1 mg was sub- 
stituted for the trypsin solution 

purified enterokmase^ Chymotrypsm was mactive, t e , it neither in- 
creased nor decreased the proteolytic activity already present in zymogen 

- We are greatly indebted to Dr M Kumtz, who supplied us vith samples of crys- 
talline trypsm, crystallme soy bean trypsin inhibitor, and purified enterokinase 
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B The amount of trypsin, which produced a strong activation and yet 
did not produce any detectable pioteol 3 dic actmty m the contiol tubes, was 
approximately 1 pai t of crystalline trypsm pei 500 parts of zymogen All 
-samples weie activated in the lefrigerator at temperatuies close to 5°, and 
were tested as previously described 

For each activation expei iment, two conti ols w ere set up One contained 
a solution of zj'^mogen and water instead of trypsin solution, and sei i ed as 
a control foi self-activation In none of these experiments was any sub- 
stantial self-activation demonstrated Also, there was no loss m the 
proteolytic activity already present in the zymogen The second control 
contained trypsm and water instead of the solution of zymogen It nas 
noticed, however, that in these very dilute solutions tiypsin deteiiorated 
rapidly Therefore, the trypsm contiol was made up fresh for each deter- 
rmnation 

The activation was earned out at diffeient pH values (Fig 5) The 
maximal value of the proteolytic actn itj'' was achieved after 10 day's of 
activation The maximal pioteolytic activity was about 20 to 30 times 
higher than the activity of the origmal zymogen Activation occuried m 
all pH values studied Both the final activity and the velocity of activation 
were similar throughout the entiie range investigated A very similar 
curve was obtained on activation with enterokmase 
- An analogous experiment in which eight times lecrystalhzed chymo- 
trypsinogen, prepared accoiding to the method of Kunitz and Noithrop 
(6), was activated by trypsin, is shown in Fig G The general similarity to 
the previously discussed experiment is apparent There are, however, 
considerable quantitative differences The final maximal ^alue of pro- 
teolytic activity' w'as higliei with chymotrypsinogen than w'lth zy'mogen B 
The velocity of activation wnth chymotrypsinogen was also liighei than in 
the case of zymogen B, pai ticularly at pH 9 No significant actn ation of 
chymotiypsinogen occuired at pH 5, and only slight actuation occurie 
after treatment wath enterokmase After comparing the results of thc'^o 
two expeiiments (Figs 5 and 6), the conclusion w'as reached tint zymogen 
B and chy'motiypsmogen belong to a similar type of zymogen, ut are no 


identical -rr r, m - i tn 

The optimal pH of the -activated protein B was pH 8 (Fig i , scale 10 

times higher than in Fig 2), instead of pH 9 as for the unactn ated zymogen 
(Pig 2) It is not possible to say definitely whether this shift m optimal 
pH was significant, particularly in new of the fact that much larger 
r amounts of zy'mogen w ere required for the determination of actmty 
The maximal activation of protem B ever achiei e y any ac n '' 
agent accounted for approximately' 40 per cent of the actmta o cr\ s a me 
chymotrypsm (Table I) on the basis of the protein nitrogen present in the 
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solution This final value tor activity was theiefore sufiiciently high to 
exclude the possibility of contamination mth ch 3 anotr 3 rpsinogen Further- 
more, the activity was fairly constant in file different pieparations of 
zymogen B Thus far, hovevei, i\e have been unable to crj^stalhze active 



Fig 6 Activation of eight times recrystallized chymotrypsinogen with crystal- 
hne trj psin and purified enterokinase The solution of chymotrypsmogen contained 
7 mg per cc All other conditions were similar to those for Fig 5 

enzjTne B Consequently, the figures recorded m Table I should be con- 
sidered as havmg only relative value 

In Older to characteiize protein B still fm’ther, the mfluence of crystalline 
soy bean trypsm inhibitor on the activated enzyme B was studied Fig 8 
shows the results of such an experiment The data are expressed in per \ 
cent of non-inhibited units It is obvious that the trypsin inhibitor does 
not form a stable compound wnth enzyme B as it does ivith trypsin (7) 

It is also obvious that the trypsin inhibitor reacts in a similar manner wath 
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TabIiE I 


Comparison of Maximal Final Aclivily of Activated Protein B with Activity of Cry- 
stalline Chymotrypsin 


r 


Enzyme 


Tyrosme units 
per mg 


Activity in per cent of 
activity of chjTnotrj-pzin 


Chymotrypsin 

Protein Bi, Sample 15, recrystallized 3 times 
« « 2 “ 

<« ■< 11 11 2 “ 

« 11 11 14^ << 3 “ 

II 11 11 25 11 4 “ 


134 

47 

44 

30 

59 

46 


100 

3C 

33 
22 
44 

34 


enzyme B and mth chj'motrj’psm, forming mtli both n dissociable complex 
The affinity of trjTism inliibitor for enzjTne B iras, hon et cr, greater t an 
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Fig 8 The effect of crystalline soy bean trypsin inhibitor on crystalline trypsin, 
protein B, and crystalline chymotrypsm The solution of crystalline ch 3 Tnotrypsin 
contained 0 009 mg per cc 0 1 cc of this solution was im\ed with 2 5 ec of 0 5 per 
cent casein solution, 2 0 cc of borate buffer, various amounts of the diluted solution 
of trypsin inhibitor, and enough water to make 5 cc Incubation period vas 10 
mmutes at 37° The solution of protein B (form B 2 ) contained 0 039 mg per cc , 
the solution of protein Bi contained 0 036 mg of protein per cc All other condi- 
tions for the experiment were the same as for the experiment with chymotrypsm 
Three different trypsin preparations were used Two of these were prepared by us 
and the third was obtained from Dr Kumtz This last proved to be the most active 
The solutions of trypsin were therefore adjusted to contain 1 6 trypsin units per cc 
On this basis, all three preparations gave identical results vith trypsin inhibitor 

for chymotrypsm The results of the experunents on mhibition also in- 
dicate that activated enzyme B and chymotrypsm are similar, but not the 
same substance 
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DISCUSSION 

In view of the evidence which has been presented, protein B has been 
identified as a proteolytic zymogen No definite opinion, however, can be 
evpressed conceinmg the mclusion of protem B in a gi oup of cbymotrypsms 
Until the specificity of this enz 3 mie for some ivell defined Imkage m the 
peptide chain is knoira, this problem will remain open Therefore, it seems 
advisable not to intioduce a definite name for piotem B until that time 
The second pomt to be discussed is concerned with the nucleolytic activ- 
ity of piotem B The discussion is linuted to the preparations obtamed m 
the Bj form, no attempts have been made to determine the nucleolytic 
activity of the Bi form of crystals In a previous paper of this series (1) 
the assumption has been made that protem B represents a partially in- 
activated thymonucleodepolymerase Upon this assumption, man}'^ efforts 
were made to find, and if possible to restore, the damaged functional 
groups All attempts to do so have failed 
In view of the lecent findmgs, several of the past difficulties can be ex- 
plained The proteolytic activity of a dialyzed solution of protein B w as 
shght at pH 4 It increased considerably at pH 5 5, at which pH recrystal- 
hzation was usually carried out When recrystaUization was earned out 
at a lower tempeiature and at as low a pH as possible, the recover}’’ of the 
nucleolytic activity in the mother liquoi was considerably improved (2) 
In a senes of experiments, the loss of nucleolytic activity of the crystallme 
protem B was tested The solution of protein B was exposed to room 
temperature for 2 hours at diffeient pH values Fairly good correlation 
ivith the curve representmg the proteolytic activity uas found The 
destruction of nucleolytic activity was not much higher m the tubes i\ hich 
contamed activating amounts of tiypsm, indicatmg that the destruction 
was due to the proteolytic action of piotem B itself The addition of crude 
duodenal extract slowed doivn the rate of destruction, most piobablj' be- 
cause it supplied a competitive substrate 
As yet, it IS not possible to make a definite statement regarding the 
amount of nuclease contaminating pi otein B It does not seem likely, how- 
ever, that the contamination could have been greater than 1 per cent 

SUMMAKX 

The new crystallme protem obtamed from beef pancreas, pronsionall} 
called protein B, has been identified as a proteoljfiic zymogen 
Piotem B has been actuated by^ cry’'stallme trj’psm and by punfitd 
enteiokinase The highest actinty obsened after complete actuation 
11 as 59 tyrosine units per mg of protein, and accounted for 44 per cent of 
the activity of crystallme chyunotTyqism 
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Comparison of the behavior durmg activation, as well as behavior to- 
ward crystaUme soy bean tiypsm inhibitoi, led to the conclusion that 
protem B is not identical with ch3rmotr5T)Sinogen The activated form of 
this protem is also not identical with chymotiypsm 

The previous finding of nucleolytic activity associated with piotein B 
(the Ba form) as an impurity was discussed 

The authors wish to thank Mi L C Massopust for the photograph and 
diainngs 
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(From the Department of ChenDstnj, Oregon State College, Corvallis) 

(Receded for i)ubhcition, June 11, 1947) 

The in vitro action of fat-soluble vitamins upon the gb^colytic processes 
of hver tissues obtained from animals deficient in these essential metab- 
olites IS difficult to determine, due to the fact that these substances aio 
notreadilj soluble in the usual substrates Iloiichm (1) icpoited the effect 
of o tocopherol upon the oxygen consumption of dj^stiophic muscle i\hen a 
suspension of this compound is added to muscle slices Only inconclusive 
results Merc obtained The addition of a-tocopheiol disodium phospliate 
to homogenized muscle tissue reduced the increased succinoxidase activit} 
of vitamin E-deficicnt muscle 

Van Wagtendonk and Simouscn (2) haa e found that a deficiency of the 
antistiffness factor results in a derangement of the icspiiatoiy and glycolysis 
rates m the Iner It vas postulated that the antistifTnc'-s factoi plays an 
Mportant lole m the energy metabolism through its influence upon the 
aden3'hc acid sjstem, and conscqucntl 3 ' would legiilate the anaerobic and 
aerobic breakdown of carboh 3 'dratts If, thcrefoic, llie antistifTncss 
factor would be added in inlro to the metabolizing tissue preparations, it 
rrught exert a direct influence upon these pioccsscs The solution of 
the fat-soluble compounds tested was achieved by grinding these into the 
tissues while prepanng the homogenate, thus dissolving them in the tissue 
J^t A direct effect upon the anaerobic glycolysis could be established 
he use of the homogenate technique in a study of this type has been shown 
V Potter (3-5) to be a valid means for companson of different respiratory 
glycolytic functions While intact cell structure is necessary for some 
types of biochemical activity, several reactions involving the oxidative 
synthesis of high energy phosphate bonds have been demonstrated in 
oniogenates Liver preparations have been shown to maintain their 
ability to catalyze the S3Tithcsis of adenosine triphospliato in tlie absence of 
’“tact cell structure (4) 


EXPI lUMLNTAL 

The S3Tidrome typical of the antistiffness factoi deficiency was developed 
“ the test animals by feeding them for a period of G to 20 w c f ks on (he die ( 

address, Department of Zoology, Indiana UnivcrsUy, Ulooinington, 
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ANTISTIFFNESS FACTOR IN LIVER TISSUE 


described by van Wagtendonk (6) Stock animals were fed a diet consist- 
ing of rolled barley and fresh green vegetables ad Itbitum Animals, 
weighing 400 to 600 gm each, were killed by a blow on the head, and the 
liver was rapidly lemoved Approximately 1 20 ± 0 005 gm of tissue 
were weighed on a chainomatic balance and transferred to a cold mincing 
tube (3)^ contaimng 2 00 cc of Krebs and Henseleit Ringer’s solution (8) 
The tissue was minced for exactly 3 minutes, and diluted to such a volume 
with Ringer’s solution that 1 cc contained 100 mg of tissue The sus- 
pension w'^as thoroughly mixed 2 cc of this mince and 1 cc of Ringer’s 
solution were added to each of the Warburg flasks The flasks w'ere 
attached to the manometers, placed m the water bath, and the system was 
charged with a gas mixture composed of 95 per cent nitrogen and 5 per cent 
carbon dioxide saturated with water vapor at 37° The mixture had 
previously been punfied by passing it through a piiiifymg unit, as described 
by Savage and Ordal (9) Six flasks were lun with each determination 
and measurements of carbon dioxide output were recorded at 5 mmute 
mteiwals Glycolysis rates of normal and deficient animals were compared 
and the effect of adding the antistiffness factor and related materials 
diiectly to the homogenates of deficient and normal liver samples was 
deternuned 

The addition of the compounds to be tested was accomplished as follows 
To a dry mincing tube, 0 02 cc of a petroleum ethei solution, contaimng 
0 10 mg per cc of the solution to be tested, was added from a micro pipette 
The solvent w as evaporated, leaving the matenal deposited on the bottom 
of the tube The last traces of the solvent were removed tn vacuo (0 1 
mm ) The tissue was placed m the tube and the grinding operation was 
earned out as desenbed above ^ For purposes of companson a control 
tube was run without the added factor The hver tissue for this control 
was taken from the same liver lobe as that used in the test 

The substances tested were as follows a natural fraction (m p 82 5- 
84°) identified as a C28 or C29 unbranched ahphatic alcohol, probably still 
contaimng tiaces of the high melting active fraction a synthetic unbranched 
ahphatic alcohol (C29H69OH) a natural factor (m p 164°),^ ergosterol,® 
and cholesterol ® 

' It IS very important that cold conditions be maintained throughout the whole 
preparation of the homogenate All of the operations were earned out in a cold box 
maintained at 0-5° (7) All glassware and reagents used in preparing the homo 
genates were also chilled before use 

- The final concentration of added material in each flask is 0 333 y The flask con- 
tains 200 mg of tissue in a total volume of 3 cc 

’ van Wagtendonk, W J , and Ross, L E , to be published 
■' Prepared by Dr R G Jones, Eh Lilly and Company 

‘ Both were commercial preparations (Eastman Kodak Company) and were used 
as such mthout further punfication 
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The data obtained were analyzed statistically by the methods of Fisher 

(10) 


Results 

The results obtained are summarized in Tables I to III In agreement 
with the results obtained vath hver slices ( 2 ), the deficient hver rmnee 
showed a decreased rate of anaerobic glycolysis in companson inth that of 
animals maintained on a stock diet, as summarized in Table I The Qco, 
for the stock ammals was 1 04, whereas that for the deficient ammals was 
044 

The effects of in vitro addition of vanous metabohtes to the tissue minces 
are summanzed m Table II The addition of the low melting (m p 
82 5-84°) natural fraction, tentatively identified as a C 29 straight chain 


Table I 

Anaerobic Glycolysis of Liver Homogenates of Normal and Deficient Guinea Pigs 


Diet 

No of determinations* 

^COjf 

Mean ± standard error 

Stock 

14 

1 04 ± 0 OS 



(0 43 - 1 52)t 

Deficient 

26 

0 44 ± 0 03 



(0 26 - 0 81) 


* Each determination represents the average of si\ flasks 

tThe Qc 6» lias calculated on the dry weight basis, with the factor of 3 71 (2) 

t The values in parentheses indicate the range 


alcohol, had no significant effect upon the Qco The sjmthetic Cjg 
alcohol also did not show any in vitro activity ith the high melting 
fraction, however, a marked increase was showm in each of the determina- 
tions The average anaerobic glycolysis rate for deficient liver minces m 
this series was 0 43 With the addition of the antistiffness factor, a value 
of 0 59 t\as obtained In Table III, the effects of addition of the anti- 
stiffness factor upon the hver tissue of each mdmdual animal arc shown 
In every case an increase v as noted, the average increase lieing 30 per cent 
Ergosterol also proved to be active when added to homogenates of deficient 

livers Cholesterol, however, was entirely inactne Noactl^^t^ could be 

shown for the antistiffness factor when added to the Incr minces from 
animals raised on the stock diet 

discussion 

T-he lesults of the e\pcnments presented in this paper further extend our 
knowledge of the action of the antistiffness factor m controlhng the inter- 



Table II 


Anaerobic Glycolysis of Normal and Deficient Liver Homogenated with and without 
in Vitro Addition of Antistiffness Faelor and Other Substances 


Diet 

No of 

determinations* 

Compound tested 

(Mean ± standard 
error) 

Deficient 

6 

Antistiffness factor, 164° 

0 43 ± 0 04 

(0 26 - 0 61)t 

0 59 db 0 05 

(0 38 - 0 76) 

(t 

V 

5 

Natural Cjs 

0 39 ± 0 03 
(0 27 - 0 47) 

0 42 ± 0 02 
(0 41 - 0 45) 

it 

4 

Synthetic Cm 

0 44 ± 0 01 
(0 33 - 0 55) 

0 43 ± 0 01 
(0 33 - 0 52) 

it 

5 

Ergosterol 

0 39 ± 0 07 
(0 26 - 0 46) 

0 56 ± 0 06 
(0 51 - 0 6S) , 

it 

4 

Cholesterol 

0 41 ± 0 02 

(0 37 - 0 45) 

0 41 ± 0 01 

(0 39 - 0 45) 

Stock 

6 

Antistiffness factor, 164° 

i 

1 06 ± 0 17 
(0 53 - 1 52) 

1 04 ± 0 17 
(0 52 - 1 53) 


* Each determination represents the average of six flasks 
t The values in parentheses indicate the range 


Table III 

Comparison of Rates of Anaerobic Glycolysis of Liver Homogenates from Deficient 
Guinea Pigs, with and without in Vitro Addition of Antistiffness Factor {16Jf° 

Melting Point) 


The result represent QcOi 


Time on diet 

Without added 

1 factor 

With added 
factor 

Increase 


whs 

■■■ 




6 


0 51 


13 3 

6 


0 76 

bbh 

38 2 

6 

0 43 

0 5S 


34 9 

6 

0 61 

0 75 

0 14 

23 0 

10 

0 43 

0 56 

0 13 

30 2 

20 

0 26 

0 38 

0 12 

46 2 

Mean \ alues 

1 

0 455 

0 59 

0 135 

31 0 
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mediate metabolism of carbohydrate in the hver and partially substantiate 
the h 5 'potliescs as to the action of the factor ivhich have been presented in 
previous pubhcations (2, 11) It was reported (2) that the increase in the 
-jespiratoiy rate and decrease in the anaerobic glycolysis in deficient hver 
shoes are reversible by the in vwo admimstration of the antistiffness factor 
for a penod of 5 days and that in vitro addition of adenosine tnphosphate 
to the metabohzing deficient tissue increased the low Qc6« These 
changes are correlated with the large decrease in the glycogen storage in 
the hver Since the addition of adenosine tnphosphate to the metabohzing 
tissue restores the normal anaerobic glycolysis function of the hver, it was 
suspected that the activity of the factor was pnmanly directed toward the 
maintenance of the adenosine tnphosphate level in the tissue This might 
be accomphshed if the factor acted as the prosthetic group of an enzyme 
controlhng the phosphoiylation of the adenylic acid to adenosine 
diphosphate or the further phosphorylation of adenosine diphosphate 
to adenosine tnphosphate The factor might also act as an inhibitor to the 
breakdoum of adenosine tnphosphate in the animal tissue The present 
work further corroborates the view that the factor does act as a part of an 
enzyme system 

The in vitro addition of the antistiffness factor in a concentration of 
3 X 10“'' M® has a definite influence on the glycolysis rate m deficient tissue 
^tmnces This concentration is of the same order of magmtude or less 
than that proposed by Green (12) as one of the cntena for the classification 
of a substance as an essential metabohte 

Complete restoration of the Qcoj to the normal value vas not found 
upon the addition of the factor This could not be expected in view of the 
other gross changes which occur during the deficienc 3 ’’, i e decreased 
alkahne serum phosphatase activity (13), abnormal nucleotide distribution 
(11), and a decrease in the albumin globuhn ratio (14) None of these 
changes could be reversed immediately by the in vivo adnumstration of the 
factor, but require time for the adjustments to occur One of the mam 
impurities of the original preparation (15), the C 29 alcohol, was completclj^ 
inactive when tested in its synthetic form 

That ergosterol should also be active wlule cholesterol is not is surpnsing 
However, this might be explained by the fact that a commercial preparation 
was used Prelirmnary identification and absorption spectra of the high 
melting fraction do indicate a steroid structure, possibly closely related to 
ergosterol This work wall be the subject of a future pubhcation 

* The final concentration of the active fraction is 0 333 y per cc Experiments to 
be published (van Wagtendonk, W J , and Ross, L E ) established this fraction to 
have a molecular weight of ±400 With this as the basis the actuc concentration, 
as used here, is at the most 3 X 10 ~’ m 
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SEMMARY 

A technique is descnbed thereby the ^n vitro effect of a fat-soluble com- 
pound on the aerobic and anaerobic metabohsni of isolated tissues can be 
determined The tn vitro addition of the antistiffness factor causes a 
marked and sigmficant increase in the Qcoj of hver homogenates from 
animals deficient in the antistiffness factoi 

Grateful acknowledgment is made for the support by grants from the 
Ella Sachs Plotz Foundation and the National Science Fund of the National 
Academy of Sciences 
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THE Cleavage of the stereoisomers of cystathi- 
onine BY LIVER EXTRACT 


By william P ANSLOW, Jr ,* and VINCENT dtj VIGNEAUD 

{From the Department of Bioehemtstry, Cornell University Medical College, 

New York City) 

(Received for publication, June 20, 1947) 

In an earlier commumcation (1) it was reported that L-cj'^stathioninc, 
S-(L-/3-amino-/3-carbo\yethjd)-L-homocysteine, was able to suppoit groiidh 
m lieu of cystine in the diet of the gioinng iihite rat However, it nas 
found that L-cystathionme was not able to replace methionine under the 
same dietaiy conditions in which homocysteine is capable of supportmg 
growth m the absence of dietaiy methionme Thus L-cystatlnonine is 
apparently cleaved in vivo to cj'^steine The enzymatic cleavage of n- 
cystathionme to n-cysteine by liver tissue coincides wnth this conclusion 
( 2 . 3 ) , ^ 

In a later communication (4) the synthesis of the other isomers of cy- 
stathionme was described, and grow'th experiments in which these isomers 
were fed to young white rats on sulfui -deficient diets vere reported 
li-Allocystathionine ivas found to substitute for cystine on the cj’’stine- 
^itee, methionine-iestricted diet However, in contiast to the behavior of 
L-cystathiomne, L-allocystathionme did support growth on the methioninc- 
free diet w'hich contamed an adequate supply of choline These facts 
permitted the mfeience that n-allocystathionme in the intact animal 
IS cleaved predonnnantly to homoc 5 'steine On the other hand, neithei 
D-cystathionme nor n-allocjstathionine was found to be capable of sup- 
poitmg giowth on a cystine-fiee diet It was, therefore, thought to be of 
mterest to mvestigate directly the action of the liver extracts on the isomei-s 
of L-cystatluonine The lesults of this study and their coi relation witi 
the preanous in vivo data aie reported m the present communication 


I.XPERIMENTAL 


To 20 mg samples of the isomers of cystathionine m small Erlenmcjer 
flasks, 20 cc of m/15 phosphate buffer (pH 7 6) were added The at- 
mospheie in the flasks was replaced by an oxj gen-free mixture Ihe 
stoppered flasks weie placed in a shakmg device and immerse in a wa er 


* Present address. Department of Phjsiologj , New ’iork Umaersitj College of 

Medicine, New York 16 , , 

^ D Cystathiomne, S-(D-P-Hmino /S-carboxjethjD-n bomoca stcine, ^ ^ = 

thiomne, S (D-P-aniino-/3 carboxj ethyl) n-bomocjsteine, l allocastathiom c, 

(n |3 aimno-/3 carbo\yethjl)-D-homocjsteine 
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CliCAVAGE OF CYSTATHIONINES 


bath maintained at a temperature of 38 4° After 10 to 15 minutes, a 
hver extract, prepared according to the directions of Smythe (5), was 
added in the amounts mdicated in Tables I and II When cyanide was 


Table I 

Representative Experiments on Cleavage of v>-Cyslathionine and r.-Allocystathionine 


Substrate 

Volume of 
liver extract 
per 20 mg 
substrate 

j 

Cyanide 

H S test 

Sulliv an 
values* 

Cleav 

age 

Folin 

Marenzi 

values* 

Cleav 

age 

D-Cystathiomne 

cc 

5 



mil X iO-i 

6 

per cent 

13 

mu X 10-' 

7 

per cent 

17 


2 

— 


5 

11 

5 

11 


2 

+ 


6 

13 

5 

11 

L-Allocystathiomne 

5 

— 


3 

7 

48 

mm 


2 

— 


3 

7 

37 

mm 


2 



5 

11 

18 

40 

None 

5 


B 

1 ® 


1 



* SuUivan and Fohn-Marenzi values are expressed in millimoles of disulfide to 
facilitate comparison on an absolute basis of the isomers which 3 neld cysteine and 
those which yield homocysteine The 20 mg of substrate are equivalent to 90 mn 
of cystathiomne or 45 mii of disulfide 


Table II 

Representative Experiments on Cleavage of v-Allocystathionine and i.-Cystaihiontne 


Substrate 

Volume of 
liver extract I 
per 20 mg 1 
substrate 



Sullivan 

values* 

Cleav 

age 

Folm 

Marenzi 

values* 

Cleav 

age 


cc 



mu X 10-' 

per cent 

mu X lO-i 

per cent 

n-Allocystathiomne 

5 

— 

— 

17 

38 

19 

42 


2 


— 

12 

27 

16 



2 

+ 

— 

7 

16 

6 

El 

L-Cystathiomne 

6 

— 

+ 

13 

29 

22 

mm 


2 

— 


17 

38 

19 

42 


2 

4" 

— 

22 

49 

26 

68 

None 

1 2 

— 

— 

1 

2 

1 

2 


* See Table I 


to be used, 1 cc of 0 1 m NaCN was mtroduced at this point A rapid 
stream of the gas mixture uas passed into the flasks, which weie then re- 
stoppered and shaken m the bath foi 2 5 hom-s Following the mcubation 
period, a 20 per cent aqueous solution of tricliloroacetic acid was added 
m sufficient volume to yield a final concentration of 5 per cent with respect 
to trichloroacetic acid After the mixture had stood for 15 to 20 minutes. 
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cystine or methionine, the lepresentative experiment given m Table II 
shows that it is cleaved by the hvei extract In the six expeiunents m 
-which 5 cc of extract weie employed, the cleavage, judgmg by Sullivan 
analyses, ranged from 38 to 51 per cent (average 42 per cent) The extent 
of the cleavage of this isomer is somewhat less than that of its optical iso- 
mer, ii-allocystathionme Using smaller volumes of extract reduces 
the extent of the cleavage of D-allocystathionine In five experiments with 
2 cc of extract m the absence of cyanide, the cleavage langed fiom 27 to 
47 per cent and averaged 33 per cent (Sullivan values) 

Cyanide was found to inhibit the cleavage of L-allocystathiomne In 
five such expeiiments m which 2 cc of extract were used in the presence of 
cyamde, the cleavage ranged from 13 to 18 pei cent (aveiage 16 per cent) 
Thus, the action of cyanide on the cleavage of n-allocystathionine was 
similar to its action on the cleavage of n-allocystathionine In fi\e in- 
stances m which both the Sullivan and Folm-Maren 2 a analyses were earned 
out, the latio of cysteine to total disulfides ranged from 75 to 100 per cent 
(average 86 per cent) Since cysteine accounts for over 75 per cent of the 
disulfide present in liver digests of this isomer, n-allocystathionme is appai- 
ently cleaved piedominantly to D-cysteine 
The in vitw cleavage of D-allocystathionme clarifies the lesults obtamed 
in the feedmg experiments The 3-caibon moiety of D-allocystathionme 
has the unnatural configuration, and, if n-ahocvstathionme is cleaved 
tn VIVO as it is tn vitro, it would not support growth because apparently 
D-cysteme is not available for growth, smee D-cystme do^ not support 
growth (11) and only the l moiety of jneso-cystme is so available 

The cleavage of n-cystathionme undei the same conditions vas mcluded 
in the experiment leported m Table II foi the purpose of comparmg the 
two isomers which yield cysteme on clea\ age In slx experiments in v Inch 
L-cystathionme was meubated with 5 cc of livei extract, the range of cleai - 
age (judging by Sullivan analyses) was from 29 to 42 per cent (average 33 
per cent) Attention is called to the obseivation that the clea%agc of n- 
cystathionme appears greater when less liver extract is used In four ex- 
penments in winch 2 cc of extract were used, the range of cleavage was 
from 38 to 51 per cent (average 48 per cent) 

The presence of desulfurase m liver extracts did not complicate the re- 
sults obtamed on the cleavage of these isomers of L-cj'Statliionme Dc- 
sulfurase attacks L-cysteine, producing hj’-drogen sulfide The absence of 
hydrogen sulfide in digests in which homocysteine vas produced is con- 
sistent wnth Smythe’s observation that desulfurase attacks homDcj-stcme 
only slightly (5) Appaiently D-cjsteine is hkevase not appreciably at- 
Ked by this enzyme, since no hydrogen sulfide vas found in digests of 
ocystathionine Hov ev er, m the case of L-cystathiomnc hj drogen sul- 
'ts uere always positive when the digestion was earned out in the 
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bath maintained at a temperature of 38 4° After 10 to 15 minutes, a 
liver extract, prepared according to the diiections of Smytlie (5), was 
added in the amounts mdicated in Tables I and II When C3’^anide was 


Table I 


Representative Experiments on Cleavage of T>-Cystaihionine and h-Allocyslatliionine 


Substrate 

Volume of 
hver extract 
per 20 mg 
substrate 

Cyanide ^ 

H S test ; 

Sullivan 

values* 

Cleav 

age 

Folm 

Marenzi 

values* 

Clea\ 

age 


cc ' 



mu X I0-» 

per cert 

mu X 

per cent 

D-Cystathiomne 

5 

— 

— 

6 

13 

7 

17 


2 

— 


5 

11 

5 

11 


2 

-1- 

— 

6 

13 

5 

11 

L-Allocystathiomne 

5 

— 

— 

3 

7 

48 

107 


2 

— 

— 

3 

7 

37 

82 


2 

+ 

— 

5 

11 

18 

40 

None 

5 

— 

— 

0 


1 



* Sullivan and Folin-Marenzi values are expressed in millimoles of disulfide to 
facilitate comparison on an absolute basis of the isomers which yield cysteine and 
those which yield homocysteine The 20 mg of substrate are equivalent to 90 msi 
of cystathiomne or 45 msi of disulfide 


Table II 


Representative Experiments on Cleavage of n-Allocystathionine and ■L-Cystathionine 


Substrate 

1 

Volume of 
liver extract 
per 20 mg 
substrate 

Cyanide 

HjS test 

Sulliv an 
values* ^ 

Cleat i 
age ■ 

Folm 
blarenzi 
values* 1 

Clca\ 

age 


cc 



mu X /O'* 

per cent 

mif X 

fer ceni 

n-Allocystathiomne 

5 

— 

— 

17 

38 

19 

42 


2 

— 

— 

12 

27 

16 

36 


2 

+ 

— 

7 

16 

6 

13 

L-Cyetathiomne 

5 

— 

-i- 

13 

29 

22 

49 


2 

— 

+ 

17 

38 

19 

42 


2 

+ 

— 

22 

49 

26 

68 

None 

1 

2 

1 


i 

1 

2 

1 

1 

2 


* See Table I 


to be used, 1 cc of 0 1 m NaCN was mtroduced at this point A rapid 
stream of the gas mixture was passed into the flasks, vhich weie then re- 
stoppered and shaken m the bath foi 2 5 hours Folloivmg the incubation^ 
period, a 20 per cent aqueous solution of trichloroacetic acid was added 
m sufficient volume to yield a final concentration of 5 pei cent with respect 
to tnchloroacetic acid After the mixture had stood for 15 to 20 mmutes. 
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cystine or methionine, the lepresentative experiment given m Table II 
shows that it is cleaved by the hvei extract In the six expeiiments m 
-which 5 cc of extract weie employed, the cleavage, judgmg by Sullivan 
, analyses, ranged from 38 to 51 per cent (average 42 per cent) The extent 
of the cleavage of this isomer is somewhat less than that of its optical iso- 
mer, L-allocystathionme Using smaller volumes of extract reduces 
the extent of the cleavage of D-allocystathionine In five experiments with 
2 cc of extract m the absence of cyanide, the cleavage langed fiom 27 to 
47 per cent and averaged 33 per cent (Sullivan values) 

Cyanide was found to inhibit the cleavage of L-allocystathiomne In 
five such expeiiments m which 2 cc of extract were used in the presence of 
cyamde, the cleavage ranged from 13 to 18 pei cent (aveiage 16 per cent) 
Thus, the action of cyanide on the cleavage of n-allocystathionine was 
similar to its action on the cleavage of L-allocystathionine In fi\e in- 
stances m which both the Sullivan and Folm-Maren 2 a analyses were carried 
out, the latio of cysteine to total disulfides ranged from 75 to 100 per cent 
(average 86 per cent) Since cysteine accounts for over 75 per cent of the 
disulfide present in liver digests of this isomer, n-allocystathionme is appai- 
ently cleaved piedominantly to D-cysteine 
The in vitio cleavage of D-allocystathionme clarifies the lesults obtamed 
in the feedmg experiments The 3-caibon moiety of D-allocystathionme 
has the unnatural configuration, and, if n-afiocvstathionme is cleaved 
in VIVO as it is in vitro, it would not support groivth because apparently 
D-cysteme is not available for growth, smce D-cystme do^ not support 
growth (11) and only the l moiety of jneso-cystme is so available 
The cleavage of n-cystathionme undei the same conditions vas mcluded 
in the experiment leported m Table II foi the purpose of comparmg the 
two isomers which yield cysteme on cleax age In slx experiments in v Inch 
L-cystathionme was mcubated with 5 cc of livei extract, the range of clea\ - 
age (judging by Sullivan analyses) was from 29 to 42 per cent (average 33 
per cent) Attention is called to the obseivation that the clea%age of n- 
cystathionme appears greater when less liver extract is used In four ex- 
penments in winch 2 cc of extract were used, the range of cleavage was 
from 38 to 51 per cent (average 48 per cent) 

The presence of desulfurase m liver extracts did not complicate the re- 
sults obtamed on the cleavage of these isomers of L-cj'Statliionme Dc- 
suUurase attacks L-cysteine, producing hydrogen sulfide The absence of 
hydrogen sulfide in digests in which homocysteine vas produced is con- 
sistent wnth Smythe’s observation that desulfurase attacks homoGj-stcme 
only slightly (5) Appaiently D-C 3 steine is hkevase not appreciablj at- 
Ked by this enz 3 Tne, since no hydrogen sulfide vas found in digests of 
ocj^stathionine Hov ev er, m the case of L-cjrstathioninc hj drogen sul- 
'ts uere always positive when the digestion was earned out in the 
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cystine or methionine, the lepresentative experiment given m Table II 
shows that it is cleaved by the livei extiact In the six expeiiments m 
which 5 cc of extract were employed, the cleavage, judgmg by SuUivan 
^analyses, ranged from 38 to 51 per cent (aveiage 42 per cent) The extent 
of the cleavage of this isomer is somewhat less than that of its optical iso- 
mer, L-aUocystathionme Using smaller volumes of extract i educes 
the extent of the cleavage of D-allocystathionme In five expeiiments with 
2 cc of extract m the absence of cyanide, the cleavage ranged from 27 to 
47 per cent and averaged 33 per cent (Sullivan values) 

Cyamde was found to inhibit the cleavage of L-allocystathiomne In 
five such experiments m which 2 cc of extract weie used m the presence of 
cyamde, the cleavage ranged from 13 to 18 pei cent (average 16 per cent) 
Thus, the action of cyamde on the cleavage of n-allocystathionme was 
sirmlai to its action on the cleavage of L-allocystathiomne In five in- 
stances m which both the Sullivan and Folm-Maienzi analyses were cairied 
out, the latio of cysteine to total disulfides ranged from 75 to 100 pei cent 
(average 86 per cent) Smce cysteine accounts foi over 75 pei cent of the 
disulfide present in hvei digests of this isomer, n-allocystathionine is appai - 
ently cleaved piedommantly to n-cysteme 
The zn vilio cleavage of D-allocystathionme claiifies the lesults obtamed 
in the feedmg experiments The 3-caibon moiety of D-allocystathionine 
has the unnatural configuration, and, if D-allocystathiomne is cleaved 
zn VIVO as it is zn iniro, it would not support groivth because apparently 
D-cysteme is not available for grondh, smce D-cystme doq_s not support 
growth (11) and only the l moiety of wesc-cystme is so available 
The cleavage of n-cystathionme undei the same conditions was mcluded 
in the experiment reported m Table II foi the puipose of comparing the 
two isomers which yield cysteme on cleavage In six experiments in which 
i--cystathionine was mcubated with 5 cc of hvei extract, the range of cleav- 
age (judgmg by Sullivan analyses) was from 29 to 42 per cent (average 33 
per cent) Attention is called to the obseivation that the cleavage of l- 
cystathionme appears greater when less liver extract is used In four ex- 
periments m which 2 cc of extract were used, the range of cleavage was 
from 38 to 51 per cent (average 48 per cent) 

The presence of desulfurase in fiver extracts did not complicate the re- 
sults obtamed on the cleavage of these isomers of L-cj^stathionine De- 
suifurase attacks n-cysteine, producing hydrogen sulfide The absence of 
hydrogen sulfide m digests m w'hich homocysteme was produced is con- 
sistent wnth Smythe’s observation that desulfurase attacks homocjsteme 
only slightly (5) Appai ently D-cysteme is likewnse not appreciably at- 
tacked by this enzyme, since no hydrogen sulfide was found m digests of 
D-allocystathiomne How'evei, m the case of L-cystatluonine hydrogen sul- 
fide tests were always positive w'hen the digestion was earned out m the 
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absence of cyanide Under these conditions the presence of hydrogen 
sulfide indicates the destiuction of cysteine formed by the cleavage of 
L-cystathionine The low 3aeld of cystine in the absence of cyamde may 
indicate that such destruction is extensive This hypothesis is supported^ 
by the observation that the yield of cystine is increased m the > presence 
of cyanide, which piotects cysteme from destruction by desulfurase In 
three expeiiments in which 2 cc of extract weie used m the presence of 
cyanide the lange of cleavage was fiom 49 to 67 pei cent (average 56 per 
cent) 

In the giowth studies L-cystathionme had been shoivn to be capable of 
suppoiting the growth of white lats on a cystme-deficient diet (1) In 
vitw, L-cystathiomne is cleaved to cysteme On the othei hand, L-cys- 
tathiomne was not able to suppoit giowth on a methionme-fiee diet which 
contained choline, indicating that this isomer does not yield appieciable 
amounts of homocysteme in vivo In the in viito studies likewise no evi- 
dence was obtained that L-cystathionme yields homocysteine Thus, 
any cleavage to homocysteme can play at best only a small pait in the 
metabolic conveision of L-cystathionine to cysteine 

SUMMARY 

The action of cmde liver extract on the isomers of cystathionine has 
been stuched This extiact, which has been shoivn to cleave L-cystathio- 
nine, has a minimal action on D-cystathionme under all conditions 

L-Allocystatluonme is cleaved by the cmde liver extiact to n-homo- 
cysteine Thh extent of the cleavage approached 100 per cent when high 
enzyme concentiations were employed Cyamde (0 004 m) was found to 
inhibit the cleavage 

n-Allocystathionine is cleaved by the cmde hvei extract to n-cysteme 
The extent of the cleavage was less than m the case of its optical isomer, 
and the cleavage was mhibited by cyanide 

A coi relation of the expeiiments with feedmg experiments is presented 

BIBLIOGRAPHY 

1 du Vigneaud, V , Brown, G B , and Chandler, J P , / Biol Chem , 143, 59 (1942) 

2 Binkley, F , Anslow , W P , Jr , and du Vigneaud, V , J Biol Chem , 143, 559 

(1942) 

3 Binkley, F , J Biol Chem , 166, 39 (1944) 

4 Anslow , W P , Jr , Sinimonds, S , and du Vigneaud, V , J Biol Chem , 16S, 

35 (1946) 

5 Smythe, C V , J Biol Chem , 142, 387 (1942) 

6 Sullivan, AI X , and Hess, Yf C,J Biol Chem , 116, 221 (1936) 

7 Kassell, B , and Brand, E , J Biol Chem , 126, 115 (1938) 

8 Folin, O , and Alarenzi, AD,/ Biol Chem , 83, 103 (1929) 

9 Dyer, H AI , and du Vigneaud, V , J Biol Chem , 109, 477 (1935) 

10 Jackson, R W , and Block, R J , Proc Soc Exp Biol and Med , 30, 587 (1933) 

11 Loring, H S , Dorfman, R , and du Vigneaud, V , J Biol Chem , 103, 399 (1933) 



THE CON^^ERSION OF THIOCYANATE SULFUR 
TO SULFATE IN THE WHITE RAT^^ 

By JOHN L WOOD, EDWARD F WELLIAiVIS, Jb , \.\d NELSON 

KINGSLAND 

(Fro??i the Department of Cheimslry, School of Biological Sciences, Umveisily of 

Tennessee, Memphis) 

(Received for publication, Juno 20, 1947) 

The ongin and fate of thiocyanate ion m the body have been of interest 
for more than a century It has been geneiaUy accepted that the ion does 
not leadily permeate normal cell membranes, the distribution of thio- 
cyanate ion in the body is the basis of a method for detennination of extra- 
cellular fluid volume (1) Despite its assumed extracellulai locahzation, 
thiocyanate ion is physiologically active Thus, it may reduce the blood 
pressure of essential hypertension (2), it may exhibit goitrogenic effects (3), 
and it may inhibit enzyme systems such as the carbomc anhydrase 
system (4) 

Whether small amounts of thiocyanate ion of endogenous origin are 
present in the seium and unne of various species has been a matter of some 
conjecture because methods foi its determination m biological flmds have 
been subject to senous error It has been demonstrated, honeicr, that 
ingestion of cyamde ion leads to excietion of increased amounts of thio- 
cyanate ion in the urine (5), and an enzyme system has been isolated winch 
wll convert free sulfui and thiosulfate to thiocyanate in vitro (6) Intia- 
venous mjection of thiosuEate loii as an antidote foi cyanide poisoning is 
well knoivn (7) 

In attempting to mterpret the physiological actmty^ of thiocyanate ion 
in tenns of its chemical leactmty, we have become interested in tlie ongin 
and fate of the sulfur portion of the molecule In this connection, it is of 
importance to Imow whether sulfur, once incoipoiated in the ion, can pai- 
ticipate m metabohc interchange mth other sulfur-containing compounds 
Several mechanisms for sulfui interchange suggest themselves In viho, 
thiocyanate ion is leadily oxidized to sulfate and cymnide, oi is leduced to 
sulfide and cyamde In the body such reactions nnght have little clTtct on 
the thiocyanate content if the newly fomied cyamde were eventually re- 
converted to thiocyanate by detoxication On the other hand, the oiigmal 
tluocymnate sulfur, if released from thiocymnate ion, could be transformed 
by known pathways of sulfur metaboLsm If sulfide ion were formed, it 

* This study was aided by grants from the Rockefeller Foundation and the Lm 
icrsity of Tennessee Reserve for Research 
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might be paitially incorporated m tissue protein as cystine which would 
eventually be converted to sulfate (8) A reaction producing free sulfur 
w ould be followed by its ovidatiou to sulfate (9) SuKate ion, once formed, 
should be eventually excreted, although it has been shoivn that sulfate is 
deposited in bone to some extent shortly after injection (10) Injected 
sulfate ion has also been demonstrated to take part in etheieal sulfate 
synthesis (11) Thus, a means for establishment of the metabolic con- 
version of thiocyanate sulfur to other sulfur-contaimng compounds may be 
looked for in the excietion of extra total sulfate 

In order to detect the conversion of administered thiocyanate sulfur to 
sulfate we have employed isotope tracer techniques Potassium tluo- 
cyanate was synthesized fiom free sulfur contaming and potassium 
cyamde as described in the experimental part The labeled thiocyanate 
was given mtrapentoneally in a single injection to each of three adult 
albino rats Unne was collected m successive periods of 1, 2, or 3 days and 
was analyzed for labeled sulfur as total sulfate and as thiocyanate ion, by 
measunng the radioactivity of isolated samples of these substances At 
the end of the experimental period, the ammals were killed and selected 
tissues n ere analyzed for total labeled sulfur Between 1 and 4 5 per cent 
of the injected thiocyanate sulfur was found in the urine m the form of total 
sulfate The major part was excreted unchanged and was detenmned as 
thiocyanate ion In one instance, the feces were analyzed and were found^ 
to contain a total of 5 3 per cent of admimsteied labeled suhui Urinaiy 
thiocyanate and sulfate plus total fecal sulfur amounted to a 91 per cent 
recovery of injected labeled sulfui No detectable amount of labeled 
sulfur was found in muscle, adrenal, oi thyroid tissue 20 or 25 days after 
injection of thiocyanate ion, or in bone after 20 days 

EX^mpUENTAL 

V 

Radioactive Potassium Thiocyanate — ^Radioactive banum sulfate* was 
conveited to the sulfide by igmtion in an atmosphere of hydrogen at 900 
The sulfide was oxidized to free sulfur with acid iodine solution Potassium 
thiocyanate labeled mth S’® was synthesized by heating the free sulfur with 
potassium cyamde m acetone according to the method of Castiglom (12) 

Radioactivity measurements were carried out according to the method of 
Hennques et al ivith the modified Launtsen electroscope (13) All samples 
were measured in the form of benzidme sulfate Because of the greatei 
solubihty of the benzidine salt, it was recogmzed that precipitation of the 
sulfate with banum ion gives greater accuracy for gravimetric determma-'' 
tion of daily sulfate excretion Nevertheless, the benzidme precipitate 

1 Radioactive sulfur was obtained from the Clinton Laboratories of the Monsanto 
Chemical Company at Oak Ridge under allocation from the Manhattan Distnct, 
Corps of Engineers, in the form of an irradiation umt of potassium chlonde 
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lends itself better to radioactivity measurements and to reprecipitation 
whicb IS essential to the establishment of the absence of radioactive con- 
taminants in the samples A 7 mg precipitate was taken as optimum for 
-'-the measurement of radioactivity m the modified Launtsen electroscope 
The n eights of the samples obtained vaned from 5 to 20 mg Corrections 
were made for background and self-absorption of the sample to correspond 
to a 7 mg disk of benzidine sulfate, 17 mm in diameter Ahquot parts 
were taken to yield activity values at least 10 times the normal background 
of the electroscope The results were e\pressed in micrograms of ad- 
immsteied sulfur by companson of the radioactivity of each sample nath 
that of a standard sample which was prepared from the synthetic potassium 
thiocyanate after oxidation by the micro-Carius procedure Standard and 
unknown samples were measured on the same day 

The radioactive potassium thiocyanate was dissolved m physiological 
sahne for mtrapentoneal injection into adult, male, albino rats - The 
ammals were placed in glass metabolism cages (14) and the unne was 
collected in 15 ml centrifuge tubes A deflector prevented mrang of the 
unne and feces The cage was washed down at the end of each penod ivith 
water The washings were added to the urmes of Rats 2 and 3 and were 
preserved separately foi Rat 5 In later expenments (Rats 3 and 5), a 
drop of hquefied phenol was added to the collection tube to prevent bac- 
^ tenal action At the end of each collection penod, the unne was placed in 
the refngerator 

Sulfate-sulfui detenmnaiions were earned out by the method of 
McKittnck and Schmidt (15) In order to obtain quantitative recoveiy 
from unnes to which known amounts of radioactive sulfate had been added, 
some modifications of the method had to be introduced The thiocyanate 
was precipitated from the unne sampRoJfrom Rat 2 or 3 by addition of an 
excess of 2 per cent cuprous chlonde m 0 6 n hydrochlonc acid The 
cuprous thiocyanate was separated by centnfugation and decantation, 
washed once vnth water, and preserved for detemunation of thiocyanate 
sulfur The supernatant and washings were made up to volume for total 
sulfate deterimnation Hydrolysis of ethereal sulfates and lemoval of 
phosphate were earned out as desenbed by Fiske (16) This treatment 
also remov/’d excess copper ions 

To 10 ml of the dephosphated solution of total sulfate ere added 3 drops 
of 10 per cent Tnton^ wetting agent, 1 drop of 0 5 per cent bromophenol 

^ * The specific activity of the administered thioc 3 'anate sulfur vaned with the 

radioactive decay of the samples No data are available to estimate the absolute 
activity of the samples in terms of radiation umts In these experiments a 10* 
dilution of the injected sulfur was measurable at a lev el of 10 times the background of 
the instrument used 

’ Triton NE was supplied by the Rohm and Haas Company 
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blue solution, and 2 ml of u sodium acetate Enough hydrochlonc acid 
A\ as added to change the coloi of the indicatoi to j'^ellou The volume v as 
adjusted to 15 ml and 15 ir 1 of 0 09 u solution of benaadine in 0 4 x hydro- 
chloric acid were added slovly After 10 minutes, 10 ml of acetone vere 
added After standing from 18 to 24 houm, the solution vas filtered to 
collect the precipitated benzidine sulfate cn a paper disk The precipitate 
vas washed with 95 pel cent acetone The sample was dned at room 
temperatuie o\er phosphorus pentoxide and weighed Radioactivity 
measuiements weie made with the Launtsen electioscope, and then the 
pad of benzidine sulfate was dissolved m 2 ml of w ammomum hydi oxide 
with wanrnng A diop of biomophenol blue mdicatoi solution, 2 drops of 
10 pel cent Tnton wetting agent, *1 ml of 1 pei cent potassium thiocyanate 
solution, and 1 ml of m acetic acid were added The solution was adjusted 
with hjdiochlonc acid to the biomophenol blue end-point and was diluted 
to 5 ml The sulfate was precipitated wath 2 5 ml of benzidine reagent 
and 2 ml of acetone, and was collected, dned, and weighed If the laio- 
actnity measuiement on the lepiecipitated sample did not agiee with the 
value obtained foi the onginal, the sample was again dissolved and pie- 
cipitated In these expenments, howe\er, one lepiecipitation sufiiced 
Thtocyanate-sulfur detei imnahons weie perfoimed on the cuprous tluo- 
cyanate piecipitates which had been lemoved prioi to total sulfate anal 3 sis 
of the unne The precipitate was digested with 1 ml of 20 percent- 
sodium carbonate solution for 20 minutes on the water bath The super- 
natant hquor was collected, combined with w'aslnngs of the lesidiie, and an 
ahqiiot part was taken This was acichfied strongly wath hydiochlonc 
acid, warmed, and oxidized wath potassium bi ornate to convert the thio- 
C 3 anate to sultate and cyamde Some luactii e sodium sulfate was added at 
this point to assuie a benzidine sulfate precipitate w eighing as much as 7 mg 
Ihis solution was evaporated to diyness and the residue was taken up m 
watei The sulfate was precipitated as the benzidine salt and radio- 
activity determinations w ere done in the mannei descnbed foi total sulfate 
The amounts of cuprous thiocyanate precipitate formed by this method 
in 24 hour samples of the unne of Rats 2 and 3 w ere veiy small It w as 
found that recoiery of thiocyanate ion added in comparable amounts to 
noimal rat unne was not more than 60 per cent Accoichngly, an im- 
proved method foi determination of labeled thiocjmnate sulfui in unne w as 
devised for the expenment with Rat 5 as follows To an ahquot pait of 
unne (usually 3 ml ) was added an amount of inactive potassium thio-^ 
cyanate estimated to be more than 100 times the labeled thiocyanate ^ 
present Silver acetate in 3 m ammomum hydroxide w as added until / 
complete precipitation of silvei salts resulted and the pH w'as adjusted with 
acetic acid until the solution w^as just acid to litmus paper The 'silver 
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salts were separated by centrifugation and were washed AVith w ater Tlie 
supernatant hquor and washings were freed of silver ion AVith hydrochloric 
acid This solution ivas set aside for determination of the total sulfate as 
descnbed above 

A random portion of the mixed silver salts was suspended in 3 ml of 
water, and 2 ml of 5 ji hydrochlonc acid and 50 mg of potassium bionude 
were added The solution was waimed nearly to boiling and ivas titiated 
mth 0 01 N potassium bromate ivith methyl red as an mdicatoi The 
sulfate content of the solution was calculated from the equivalence of the 
bromate used and the radioactive sulfate was determined in the mannei 
descnbed foi total sulfate Control titiations of known amounts of silvei 
thiocyanate under these conditions show'ed that the bromate titer was a 
quantitative measure of the thiocyanate which was oxidized to sulfate 
The amount of total labeled thiocyanate ion in the urine was then calcu- 
lated by means of the isotope dilution method, assuming that the mass of 
the onginal uiinary thiocyanate ion could be neglected m i elation to the 
100-fold excess of inactive earner 

The silver salt method of partition of sulfate and thiocyanate sulfur was 
used on acid extracts of the feces of Rat 5 Unlike the sihei salts pre- 
cipitated fiom the uime, those piecipitated from noimal fcccs included 
consideiable sulfui -containing matenal which was oxidizable wath biomate 
Therefoie, the ‘ thiocyanate sulfur” determined for feces lepresents total 
uno’odized sulfur compounds which are precipitable by silvei ion 

Total labeled sulfur was determined on organs, tissues, and feces by the 
method of Baile}^ (17) 


DISCUSSION 

V conclusion that the labeled sulfate suIfui found in the urine (Table I) 
lepiesents an actual metabohsm of a small amount of thiocyinate ion re- 
quiies caieful consideration of the factors involved in these experiments 
Demonstration of the absence of ladioactive contaminants m the ‘samples on 
ivhich radioactmty measurements are made is of first impoitance in tracei 
experiments Heie the sulfate was precipitated as the benzidine salt from 
solutions knowTi to contain other radioactive substances Control experi- 
ments had shoivn that sigmficant amounts of radioactn itj did ippear in 
samples of benzidine sulfate precipitated in the presence of extrerach small 
concenti ations of radioactive thiocyanate ion This contaminating radia- 
tion could not be entirely ehminated by adding large imounts of in icti\ e 
^thiocyanate ion to the solution before precipitation We therefore set up 
the followang precautions for precipitating total sulfate samples in the 
presence of other compounds contaimng radioactii e suhur riiiocj anatc 
ion in the unne was diluted with additional inactii e thioc^ anate and then 
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removed as completely as possible with cuprous or silver ion Any radio- 
active thiocyanate remaimng m solution was again diluted with inactive 
thiocyanate before precipitation of the sulfate -with benzidine Finally, 
after a quantitative measuiement of the radioactivity was obtained, the 
benzidine sulfate vas dissolved and reprecipitated in the presence of more 
inactive thiocyanate Eadioactmty measurements on the second pre- 
cipitation, to be considered as representing radioactive sulfur in the form of 
sulfate, veie required to agiee with those found on the fimt ^^ith this 
method, control experiments showed that the inactive sulfate solutions 
contaunnated ivith radioactive thiocyanate could be precipitated as the 
benzidine salt entirely fiee of the added radioactivity It thus appears 
that our radioactivity measuiements actually represent labeled sulfate 
present in the samples of urine and feces 

The site and mechanism of the oxidation of thiocyanate sulfur to sulfate 
cannot be deduced fiom these expeiiments The possibihty that the small 
amount of oxidation of thiocyanate sulfur found m these experiments was 
pioduced by bacteiia m the intestine, or m the voided urine, cannot be 
entirely discounted In our experiments ivith Rats 3 and 5, bacterial 
action m the collected unne was prevented by the addition of phenol Of 
the feces sulfui, the thiocyanate plus sulfate was about one-third of the 
total labeled sulfur present, which suggests the presence of transformation 
products of thiocyanate ion in the feces Stuber and Lang (18) were 
"unable to demonstrate destruction of thiocyanate incubated with intestinal 
contents, although it is questionable whethei their methods would detect 
the order of magmtude of oxidation found in the present study The 
umdentihed sulfur m the feces amounted to 4 per cent of the injected, 
labeled sulfur This was a small fraction in an experiment in which the 
total recovery of thiocyanate plus sulfate was 87 per cent 

Analyses of muscle, adrenals, and thyioid fiom Rats 3 and 5 indicated 
no selective immobihzation of labeled sulfur had occurred in these tissues 
Likewise, no deposited radioactive sulfur was detected in the bones of 
Rat 5 

It seems possible that a spontaneous oxidation of thiocyanate sulfur to 
sulfate can account foi the formation of sulfate m very dilute solutions of 
thiocyanate ion within the aiumal orgamsm We observed that the most 
dilute solutions of potassium thiocyanate for colonmetnc standard*, kept m 
diffuse hght in clear, glass-stoppered bottles, gradually lea:en in their 
color values Using the sensitive isotope method of analysis we have 
.found that a solution of 5 1 r of potassium thiocyanate per ml of ordinao 
distilled w ater was 42 5 per cent converted to sulfate in 45 day s and w as G1 
per cent converted in 76 days, while a more concentrated solution of 10 mg 
of potassium thiocyanate per ml of distilled water had been oxidized to 
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sulfate only to the extent of 1 2 per cent in 30 days This result might 
aiise fiom primary oxidation of thiocyanate to thiocyanogen, i\hich is 
analogous to the spontaneous oxidation of iodide to free iodine Free' 
thiocyanogen thus formed in water solution would decompose to sulfunc 
acid and hydrocyamc acid (19) This factor certainly contributes to the 
occurrence of sulfate in unnes voided many days after the injection of the 
labeled thiocyanate suKur It doubtless accounts, also, for the high ratio 
of sulfate to thiocyanate found in the final cage v ashings of Rat 5 (Table I), 
since 63 days elapsed before this sample was analyzed 

Wliethei the mechamsm of the tti itvo conversion of thiocyanate ion to 
unnary sulfate is spontaneous or metabohc, these experiments show that 
relatively laige amounts of thiocyanate ion in the body produce very little 
sulfate In consequence, it appears that very little, if any, of admimstered 
thiocyanate ion is metabolized by the oigamsm 

SUilMARY 

The excretion of sulfate and thiocyanate ion in the unne after injection 
of potassium thiocjmnate labeled with radioactive sulfur has been studied 
Bet'oeen 1 and 4 5 per cent of the injected thiocyanate sulfur appeared as 
sulfate, the major part was excreted unchanged Several possibihties for 
the conversion of thiocyanate to sulfate m the animal body and excreta are 
discussed 

No accumulation of labeled sulfur was found in the thyroid, adrenals, or'~' 
muscle after 20 or 25 days None w as found in the bones after 20 days 
About 5 per cent of the sulfur of injected thiocyanate was found in the 
feces 

Factors involved m the use of the benzidine sulfate method for unnarj^ 
radioactive sulfate are discussed A method for the determination of 
ultramicro quantities of labeled thiocyanate ion in unne is described 
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The growth-retarding effect of com products on animals receiving low 
protein diets has given nse to a number of postulated mechanisms for this 
phenomenon and for its reversal by macm or tryptophan (1-4) The 
growth-suppressing effect of supplements other than com (2) and the 
suggestion that anuno acid unbalance can explain this effect (5) have been 
extended to the chick (6) That tryptophan is involved in macm synthesis 
13 indicated by the results of excretion studies upon a dminis tration of 
tryptophan to the rat (7, 8), the horse and the cotton rat (9), and the 
human (10) Investigations on mutant strains of Neurospora have re- 
vealed several genetically distinct strains reqmnng macm, but none of those 
studied could use tryptophan to replace macm (11) 

A relationship more involved than a synthesis of macm from tryptophan 
_m the animal tissues is indicated by the profound effect of the type of 
carbohydrate in the diet (12) and by the effectiveness of certain proteins, 
protein hydrolysates, and crystalhne ammo acids m producing the de- 
ficiency state (5, 6) 

The results reported here represent an extension of the work deahng with 
the growth-suppressing action of ammo acids, proteins, and acid-hydrolyzed 
proteins Additional studies indicate that, under our experimental condi- 
tions, indole-3-acetic acid, indole-3-acryhc acid, and indole-3-butync acid 
do not exert any effect on the growth of rats when incorporated into 9 per 
cent casern-sucrose diets at levels comparable to those used by Kodicek 
et al (4) These workers reported that mdole-3-acetic acid suppressed the 
growth of rats m the same manner as com gnts A mixture of crystalhne 

♦Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station This work was supported in part by grants from the National 
Dairy Council, on behalf of the American Dairy Association, and the Nutrition 
Foundation, Inc 

We are indebted to Merck and Company, Inc , Rahway, New Jersey, for the 
^supply of crystalline B vitamins, to the Abbott Laboratories, North Chicago, Illi- 
nois, for the generous supply of haliver oil, and to the Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, New York, for the synthetic Lactobacil- 
lus casei factor 
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amino acids simulating 2 per cent acid-hydrolyzed casein does suppress the 
growth of macm-deficient rats receiving a marginal level of tryptophan 

EXPERIMENTAL 

The expenmental proceduie used was the same as in previous studies 
(1, 2, 5) Sprague-Dawley, 3 week-old weanhng rats kept in individual 
cages, were fed the diets ad hbilmn for a 5 week expenmental period, 
weighings were made at weeklj’- intervals The basal diet had the following 
composition sucrose 81 8 per cent, casein^ 9 per cent. Salts IV (13) 4 per 
cent, corn oil 5 per cent, L-cystine 0 2 pei cent, and vitamins added as a diy 
mixture diluted with sucrose to piovide the following quantities, per 100 
gm of diet, thianune 0 2 mg , riboflavin 0 3 mg , pyndoxine 0 25 mg , 
dZ-calcium pantothenate 2 mg , chohne chloride 100 mg , inositol 10 mg , 
biotm 0 01 mg , and fohc acid 0 02 mg Fat-soluble vitamins were pro- 
vided in the form of hahbut liver oil fortified with vitamins E and K and 
diluted with corn oil This was fed by dropper once weekly at a level 
sufficient to piovide appioximately the folloiving daily intakes per rat 
vitamin A 6 lu, vitamin D 0 06 lu, 2-methyl-l,4-naphthoqmnone 
0 04 mg , a-tocopherol 0 5 mg 

The rate of growth of the rats on the basal ration vaned from one experi- 
ment to another The average gains of thi ee conti ol rats in a diffei ent senes 
of expeiiments ranged fiom 7 8 to 15 7 gm pei week vath a vaiiation of 4 8 
to 18 6 gm foi individual animals m all gioups Vaiiation in groups fiom 
10 4 to 20 8 gm and individual variation fiom 9 8 to 22 8 gm per iveek 
weie noted in the gioups receiving added macin at a level of 1 5 gm per 
100 gm of diet 

Because of this variation, negative control groups (no macin) and positive 
control groups (added macin) were included in every experiment The 
average groivth of twenty-foui negative control rats was 111 gm per week 
and of twenty-four positive control ammals 16 1 gm per week m eight 
series of experiments The growth data obtained on supplementing the 
basal ration are presented m Table I The tabulation of the rate of growth 
as percentage of negative control groups when no macin was given, and as 
percentage of growth of positive control groups when the experimental 
groups were supplemented iMth macin or tryptophan, pemnts the averaging 
of values for similar groups m different experiments 

With this techmque a laige number of substances were tested for their 
abihty to induce macin deficiency in rats The cnteiia used for these tests 
Avere (1) the substance must suppress growth at the level fed to 60 per cent\, 
or less of the groAvth of the negative control group, and (2) the addition of / 
macm or tryptophan must result m groAvth of more than 90 per cent of the 

1 Smaco purified casein 



Table I 

Growth-Depressing Effect of Certain Supplements to Low Niacin Diet Containing 

Sucrose and 9 Per Cent Casein 


Supplement 

Without Diacm 

Plus mg macm 
per 100 gm ration 

Plus 20 mg DL tr> p- 
tophan per day 

No of 
ommals 

Average 
gam as 
per cent of 
negative 
controls* 

No of 
animals 

Average 
gam as 
per cent of 
positive 
controls* 


Average 
gam as 
. per cent of 
’ positive 
controls* 

1% glycine 

9 

86 

3 

98 



2% » 

18 

38 

9 

101 

3 

152 

2% “ + 1% sodium benzo- 

3 

58 





ate 







2% glycine + 2 % sodium benzo- 

3 

43 





ate 







2% glycine -f 3% sodium benzo- 

9 

104 





ate 







3% sodium benzoate 

6 

-30 





2% glycine -f 2% casein 

3 

75 

3 

191 



2% “ -f 1 % L-proline 

3 

36 



! 


3% gelatin 

6 ! 

49 

1 




6% “ 

3 

45 





2% casein 

3 

169 

3 

127 



2% acid-hydrolyzed casein 

6 

31 

6 

100 



2 % “ fibrin 

3 

10 





2 4% ammo acid mixturef 

6 

38 

4 

101 

1 

126 

2 4% » “ ” less DL 

3 

37 

1 

162 

1 

129 

alamne and glycine 







1% L argimne hydrochloride 

3 

126 





1% DL-alamne' 

3 

61 





2% 

6 

118 

3 

124 



2% L leucine 

3 

50 





2 % sodium pyruvate 

’ 3 

101 

3 

85 



2% “ glycolate 

3 

109 

3 

92 



2% “ lactate 

3 

116 





1% urea 

3 

130 





1% NH4CI 

3 

126 





1 5 mg % indole-3-acetic acid 

6 

124 

6 

118 

3 

112 

3 “ % “ “ 

3 

103 

3 

118 



5 “ % 

3 

143 

3 

128 



15 “ % mdole-3-acrylic “ 

3 

182 





5 “ % “ “ 

3 

96 





15 “% indole 3-butyric acid 

3 

129 





5 mg % 

3 

103 

3 

142 




* See the text 

t Mi\ture of crystalline amino acids (made to simulate 2 per cent acid dro 
lyzed casein), 2 4 gm added to each 100 gm of diet contained l argimne h3 drochio 
nde 0 082 gm , l histidine hydrochloride HjO 0 050 gm , l Ksme hjdrochloride 
HjO 0 138 gm , L tyrosine 0 128 gm , dl phenjlalamne 0 104 gni , l cjstme 0 007 
gm , DL serine 0 120 gm , dl threonine 0 150 gm , l leucine 0 242 gm , dl laoleucine 
0 260 gm , DL-valine 0 2S0 gm , l glutamic acid 0 456 gm , dl aspartic acid 0 120 
gm , glj cine 0 010 gm , and dl alamne 0 112 gm 
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positive control group This means that the growth must be less than 6 7 
gm per week without macin and at least 14 5 gm per week -when macm is 
added, before any growth depression can be considered as an induced macm 
deficiency 

It -will be noted (Table I) that 2 per cent glycine, 2 per cent acid-hydro- 
lyzed casern, and 2 4 per cent amino acid mixture, the eqmvalent of 2 per 
cent acid-hydrolyzed casern with or without glycme and alamne, were the 
only supplements fed which induced a macm deficiency Othei supple- 
ments, vvz 2 per cent glycme plus 1 per cent prohne, 3 per cent gelatm, 6 
per cent gelatm, 2 per cent acid-hydrolyzed fibnn, and 2 per cent L-leucme, 
also depressed growth to a sufficient extent to fulfil the first cntenon, but no 
correspondmg groups were given macm supplementation Previous work 
(2, 5), however, has shown that the depression of growth on some of these 
supplements is reversed by macm or tryptophan A number of individual 
ammo acids and simple compounds related to glycme were fed without any 
evidence of growth-suppressmg action (Table I) 

Rats receiving the 2 per cent glycme supplement failed to gam beyond 60 
to 80 gm , and eventually lost weight and died if they were not given macm 
or additional tryptophan The hair coat became rough and some hair loss 
occuned, but no other abnormahties were noted 

Rats fed the basal ration supplemented with 3 per cent sodium benzoate 
lost weight and showed evidence of toxemia When, m addition to th^_ 
sodium benzoate, 2 per cent glycme was present m the ration, gronidh was 
restored to that found in the absence of both supplements Since the 
conjugation to form hippunc acid is thought to occur m the liver, these 
results might be mterpreted as indicating that the glycme exeids its groivth- 
suppressmg effect on a low protein, macin-free diet systemically and not in 
the intestinal tract 

Several attempts v ere made to mduce growth letardation by feeding low 
levels of indole-3-acetic acid (m p 166-168°) and lelated auxins It is 
evident from the data in Table I that no inhibition v as observed In most 
cases, growth was shghtly greater than that m corresponding control 
groups 

In studies with diets contaimng com gnts, I&ehl et al (15) showed that 
macm and tryptophan act additively m supporting improved grow'th 
Similar work with the diet used here, plus 2 per cent glycme, mdicates that, 
while added tryptophan improved the response to low levels of macm, 
macm did not improve the response to the addition of 10 and 20 mg of 
DL-tryptophan per 100 gm of ration (Table II) This apparent contra- ^ 
diction rmght be due either to excess tryptophan or inadequate macm to > 
show the additive effect 

A further attempt to brmg out the metabohc relationship between 
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Table II 


Effect of Niacin and Trijptophan in Promoting Growth of Rats Receiving 9 Per Cent 
Casein Sucrose Diet with 2 Per Cent Added Glycine 


Di. Tryptophan 

Niacm 

WeAI 

Average of 3 rats 

y gam 

Range 

mg per cent 

ms per cent 

gm 

gm 

0 

0 

3 3 

16-48 

0 

0 1 

5 3 

3 0-74 

0 

0 2 

6 6 

3 6-96 

0 

0 5 

9 0 

6 6-11 6 

0 

1 

13 0 

11 5-15 2 

0 

1 5 

15 S 

12 4-19 4 

10 

0 

8 7 

5 4-90 

10 

0 1 

8 1 

3 S-10 6 

10 

0 2 

9 8 

6 8-11 4 

20 

0 

10 7 

10 0-11 2 

20 

0 1 

10 8 

9 6-12 0 

30 

0 

11 0 

6 4-14 0 

50 

0 

11 9 

7 6-16 4 

100 

0 

12 5 

9 6-15 6 


Table III 

. Supplementary Effect of Ntacin and Tryptophan in Promoting Growth of Rats Receiving 
12 Per Cent Acid Hydrolyzed Casetn*-Suerose Diet 


Supplement ^ 

\VcckI> gam 

Average of 3 rats | 

Range 







gm 

gm 

50 

mg 

% tryptophan 



0 6 

0-12 

100 

(( 

% 

tt 



6 0 

4 8-70 

150 

tt 

% 

tt 



12 0 

11 -14 6 

50 

(t 

% 

it 

-t- 1 5 mg 

% macin 

1 1 

0 6-14 

100 

tt 

% 

tt 

-fl 5 “ 

% “ 

9 0 

5 5-14 0 

150 

tt 

% 

tt 

-f 1 5 “ 

% " 

10 5 

6 S-13 6 

1 


* Smaco casein was hjdroljzed with 10 \oliune8 of 3 n H SO* for 24 hours at 15 
pounds pressure in the autoclave and neutralized mth banum h\dro\ide The 
barium sulfate was removed by filtration and n ashed three times mth hot water 
The combined filtrate and washings were concentrated in lacuo to a s^rup which 
Was dried to a porous cake in a vacuum oven at 50° The mixture was finelj pow- 
dered in a mortar and stored in a brown glass bottle until it was incorporated into 
the dry ration The mixture was light amber, xerj hjdroscopic, and gave a nega 
tive biuret test 


tryptophan and niacm v\ as made by feeding rats a trj'ptophan- and niacm- 
deficient diet mth 12 per cent acid-hydrolyzed casern supplemented mtli 
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0 6 per cent methionine and 0 2 per cent cystine The addition of graded 
Quantities of tryptophan to the diet ivith and without macin pemutted 
groivth proportional to the tryptophan fed The presence of macin 
appeared to have a shght, if any, giowth-augmentmg effect (Table III) 
With dextnn (cooked starch) replacing sucrose as the carbohydrate 
(Table IV), 2 per cent glycine and 4 per cent glycine did not induce a 
macin deficiency 4 per cent glycine addition did suppress gioivth, hut 
macin had no beneficial effect 2 per cent succinylsulfathiazole in addition 
to 2 per cent glycine was without effect That this failure to observe 
groivth depression is not due to the macm provided by the dextnn is 
indicated by analyses of the dextnn-contaimng ration (12) In earher 
work (2) 6 per cent gelatin did induce grovth suppression, counteracted by 
macin or tryptophan 


Table IV 


Growth of Rais on 9 Per Cent Casein-Dextrin* Rations 


Supplement 

No of rats 

Average weekly gam 



im 

None 

15 

20 1 

1 5 mg % macin 

12 

17 8 

2 % glycine 

9 

18 7 

2 % “ -1-15 mg % macin 

6 

18 7 

2 % “ -h 2% succinylsulfathiazole 

3 

18 6 

4 % glycine 

3 

12 6 

4 % “ -1-15 mg % macin 

3 

12 5 


* Prepared by autoclaving raw corn starch with sufficient water to give a thick 
paste for 3 hours at 15 pounds pressure 


From the results shown in Table I it is etident that the effect of free 
ammo acids, whether fed as a casein hydrolysate or as a mixture of crystal- 
hne amino acids, is the same That these amino acids or the casein hy- 
drolysate are non-toxic in the presence of adequate macin is evident from 
the data given here and from unreported experiments m this laboratory, 
wherein groivth rates of approximately 20 gm per week have been noted 
with a mixture of crystaUine anuno acids as the sole source of mtrogen 

DISCUSSION 

Salmon (14) has recently reported poor grovdh, correctable by macin, m^ 
rats receiving a diet low m fat containing up to 18 per cent casern and no 
knoira source of a deletenous agent Corn-meal or com gnts did not 
depress grovth but resulted in improvement vhen fed with 9 per cent 
casein This is not unexpected, since the growth was less than 3 gm per 
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week without com products in the diet This represents a rate of growth 
comparable to that previously reported for rats receivmg com gnts (1, 2) 
Salmon’s diet differs from the one used m these studies chiefly m that it 
contains a lower level of fat and the casern was from a different source 

In our recent work, we have found small but qmte consistent differences 
between the growth of negative and positive control groups, but growth has 
always been depressed much below negative controls by the supplements 
listed above Salmon was able to prevent the growth depression from lack 
of macin by mcreasing the fat content of his ration to 30 per cent This 
might be interpreted as further evidence that the intestines are a site of 
S 3 Tithesis of sigmficant quantities of available macin, since the level of fat 
in diets 16 Imoivn to affect nboflavm synthesis in the tract of rats (16) 

Attempts to explain the macm-tryptophan relationship have centered 
around (1) synthesis of macin m tissues from tryptophan or (2) synthesis 
in the gastromtestmal tract by microorganisms From the vanety of types 
of experimental evidence on this subject, with frequent apparent contra- 
dictions, it would appear that both types of synthesis may occur The 
experimental conditions employed, the species, stram, and age of the 
animal, and other uncontrolled factors are probably important in macin 
metabolism (17) 

Evidence for the manner in which free ammo acids exert their detnmental 
effect under these expeiimental conditions is lacking It seems iinhkel^ 
that these substances could exert this effect anyahere except in the in- 
testinal tract, since the quantities fed in fiee form lepresent onlj 20 to 25 
per cent increase in the total amino acid intake That free dietary ammo 
acids affect the type, quantity, or location of intestmal microorgamsms is an 
attractive possibihty The site of synthesis of macin by sucli organisms 
(18) probably is a major factor in determimng its availability to the host 
animal 

sumiARY 

1 Growth suppression of lats receiving a 9 per cent casein-sucrose, 
macm-free diet was noted upon supplementation with 2 per cent glycine, 2 
per cent acid-hydiolyzed casein, or the crj'staUine amino acids contained in 
2 per cent acid-hydiolyzed casein 

2 The growth-depressing effect of glycine could not be show n on a diet 
ivith dextnn as the source of carbohydrate 

3 Indole-3-acetic acid and related compounds exerted no growth-de- 
pressing effect under our experimental conditions 
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We rtci-ntl.. descnbc-d a practical method for the large scale isolation of 
sphingohp des from be-t-i bmm and spmal cord (2) The present parier 
deaLa %nth the pr.parat'on oi sphingosine and dihydrosphmgosme from 
si.ch matenal 

C<.reb’t>;’du3 are n’ droH zed readily by aqueous sulfunc (3-5) or bydro- 
enjone (G) ac a, b,. mcihanol c- or cthanohc-sulfunc acid (4, 6, 7), and by 
metuanohe-hj drogen chlonde (S) 


CH,(CHi\.CH=CH— CH— ] OH 
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CH— J 
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CHjOH 

H.SO, 


N-H— COR 
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m about the same proportion as did crude sphingohpide As a final point 
in this connection it should be noted that neither free sphingosine nor 
sphingosine sulfate is easy to punfy or identify Foi this reason sphmgo- 
sine has been chaiactenzed generally as the tnacetyl denvative Unfor- 
tunately tnacetyldihydrosphmgosine melts at almost the same temperature 
as does tnacetylsphingosine and gives very httle depiession of meltmg point 
oh mixing Optical activity piovides a precise method of differentiation 
since the two denvatives rotate in opposite diiections, but such determma- 
tions weie not generally made in the early work in this field, and it seems 
possible that some of the products descnbed in the hterature may actually 
have consisted of mixtures of sphingosine and dihydrosphingosme ^ The 
importance of this point is illustrated in Section TV, C Denvatives of 
sphingosine and dihydrosphingosme may also be distinguished by iodine 
numbei determinations (see Table II) However, the results aie not clean- 
cut since the double bond in sphingosine does not react quantitatively with 
the usual reagents For example, pure tnacetylsphingosine gave an iodine 
number of 52 7 as compared with a theoretical value of 59 7 

In order to characterize sphingosme and dihydrosphmgosine further the 
N-beuzoyl and tribenzoyl derivatives were prepared Tribenzoyldihydro- 
sphingosme (m p 144- 145°) is an excellent derivative for purification and 
identification purposes It crystallizes beautifully from ethanol and is pu- 
rified readily from that solvent We have never been able to obtain pure 
■ ’’oylsphingosine The various samples melted over a 2-3° range 
between 118-124° (Reichel and Thannhauser (14) prepared tribenzoyl- 
sphmgosme, melting at 118-120°) It is possible that cis-trans isomerism 
is responsible for the difficulty Niemann (8) has leported two isomers of 
sphmgosme m methanolic-hydrogen chlonde hydrolysates of sphmgolipides 
This question will be discussed m a future pubhcation 

The N-benzoyl denvatives of sphmgosme and dihydrosphingosme have 
not been obtamed m crystallme form They tend to form stiff gels from 
a variety of solvents and, on drymg, yield amorphous powdeis N-Acetyl- 
dihydrosphmgosme is the only compound of this type we have been able to 
obtam m a crystallme state 

The isolation of dihydrosphmgosme from cerebrosides of beef bram and 
spmal cord raises a number of mterestmg questions regardmg its possible 
occurrence in sphmgomyelin and other sphmgolipides, its distribution in 
sphmgolipides of other organs and of other species, its variation with the 

1 Kitagawa and Thierfelder (9) described a base sulfate which was insoluble m 
hot alcohol Later Thomas and Thierfelder (12) prepared a tnacetyl derivative 
melting at 100-102° from this material and commented that the derivative melted 
shghtly higher than tnacetylsphingosine Klenk and Diebold (4) reported a tnacetyl 
denvative melting at 97-98° which thej could not punfy further It seems possible 
that both of these products contained triacetyldihydrosphingosine 
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igo of the uiini'il, mcl its metabolic relationships to sphingosme Data on 
certain of these problems \\ ill be reported in subsequent papers of this senes 
From a jircp iritive st uulpomt the presence of dihydrosphmgosme com- 
plic.itcs considcnbly the isolation of pure splungosine We have not been 
able to “^ipirite the two bases cleanly by fractionation of either the fiee 
bases or their sulfates Furthermore, in order to obtain pure triacetyl- 
sphmgosine from a mixture contaming any considerable proportion of the 
dih3dro bise, it was necessary to take special precautions in fractionation 
of the sulfates md the N-acctyl derivatives In this connection it should 
be noted that the lower content of dihydrosphingosine in brain than in 
spinal cord makes the foniicr tissue the preferable starting material for the 
preparation of sphingosme, despite the low'er yields of sphmgohpide ob- 
tained from it 


EXJ>ERI\ECNTAL 

I Ili/drohjsis of Sphingolipidcs with Melhanohc-Sulfunc Acid 

100 gm of sphingohpide were added to a solution of 112 ml of concen- 
trated sulfuric acid in 2300 ml of methanol, and the mixture was heated 
on the ste.ini cone under a reflux for 5 to 6 hours ■ The methanol solution 
was cooled m an ice bath and the precipitated fatty acids and methyl esters 
were removed by filtration The filtrate was extracted four times with 1 
liter portions of low boilmg (30-60°) petroleum ether to remove the re- 
mainder of the fatty acids and esters The methanol solution was freed 
of petroleum ether by concentration on the water pump, and the sulfunc 
acid was neutralized (to phenolphthalein) with 4 n methanolic potassium 
hydroxide solution (GGO to 700 ml required) The precipitated potassium 
sulfate was removed by filtration ivith a filter aid The filtrate® was made 
acid to litmus wnth glacial acetic acid (40 to 50 ml ) and concentrated to 
300 to 500 ml on the water pump The solution was then made strongly 
alkaline to phenolphthalein and the bases were extracted xvith two 1 liter 
portions of ether The ether extracts were combmed and washed care- 
fully wath cold water * The solution was dried over sodium sulfate and 

* With crude braiu sphingolipide a dark brown solution resulted at this point, 
whereas spinal cord material darkened only slightly, and recrystallized cerebrosides 
gave an almost colorless, water-clear solution 

* If this solution IS allowed to stand in the ice box overmght, a crystalhne sohd 
separates This material appears to consist mainly of potassium methyl sulfate, 
which explains the fact that only about 70 per cent of the expected amount of potas- 
sium hydroxide was required to neutralize the sulfuric acid 

* Intractable emulsions tend to form at this point, especially if more than two 
washings are made Apparently material soluble in a methanol ether imxture 
precipitates as the methanol is removed by the water It should be noted that spinal 
cord material caused much more trouble than brain at this point 
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the ether was removed, givmg a crade “sphmgosme base” fraction The 
yieldvanedfroml6to28gm (theoretical yield from 100 gm of cerebroside, 
36 gm ) Crude bram sphmgohpide gave the poorest yield (Table I, C) 
and the product was a dark broivn wa\ Crude spmal cord sphmgohpide 
gave a somewhat bettei yield of a light brown solid (Table I, A) Purified 
cerebroside fractions obtamed by recrystaUizmg crude matenal fiom 10 
volumes of glacial acetic acid gave the best yields and the products were 
almost white, fnable solids (Table I, B and D) 

TABtB I 

Yield of Base Sulfate Fractions from 100 Gm Portions of Sphmgohpide 


Base sulfate (gm per 100 gm sphingolipide) 


Source and nature of 
sphingolipide used 

Total 

Fraction I 

Fraction II 

Fraction 

ni 

(a) 

ib) 

A Spinal cord, crude, 2nd 

25 

6 0 

6 0 

6 0 

4 5 

alcohol extract 


(180-210°)* 




B Same as “A,” except re- 

28 

7 0 

6 0 

6 0 

6 0 

crystallized from acetic 


(190-220°) 

(180-210°) 

(140-220°) 

(70-160°) 

acid 






C Brain, crude, 2nd alcohol 

16 

1 4 

4 0 

4 0 

3 0 

extract 






Same as “C,” except re- 

23 

2 0 

13 0 

4 0 

crystallized from acetic 






acid 






E Spinal cord, recrystal- 

22 

4 0 

11 

0 


lized from acetic acid 






F Bram, recrystallized from 

18 

1 8 

8 0 

4 0 

acetic acid 






G Spinal cord, 1st alcohol 

23 

6 6 

11 

. 0 

4 0 

extract 







* The figures in parentheses are decomposition points 


II Preparation and Fractionation of Base Sulfates 

The crude base fraction (20 to 28 gm ) was dissolved m 10 volumes of 
absolute ethanol and 1 n ethanolic-suKuric acid (27 7 ml of concentrated 
sulfunc acid diluted to 1 hter with absolute ethanol) was added to the first 
famt blue with Congo red ® The mixture was cooled m an ice bath and 
the precipitated sulfate mixture was removed by filtration,® v ashed with 

* It IS essential to stop at this pomt, since the precipitated sulfates redissolve in 
an excess of sulfunc acid (2, 3) 

• The filtrate, on concentration in vacuo, yields a small quantity of hygroscopic, 
sticky material from which little sphmgosme can be obtained 
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a small volumo of cold ctlrinol, and dried in vacuo over phosphorus pent- 
ovidc, gning 17 to 25 gm of nnteiial which was white to light biown m 
color Tlie crude sulf ite mixtures were fractionated from methanol as'^fol- 
lows i 25 gm poi lion wu'i lie itcd on the steam cone with 1800 to 2000 ml 
of hoilmg mctli mol The bi iin pioduct dissolved almost completely, the 
spin d cord maten il left a consideiable insoluble residue The mixture w^as 
cooled to room tempcntuie and the solid filtered (Fraction I) This ma- 
terial IS i stable, fn ible, non-hygroscopic solid meltmg wath decomposition 
around 200° The filtrate w is concentrated to 300 to 400 ml in vacuo 
md cooled in m ice b ilh, yielding Fraction II In some expenments Frac- 
tion II w IS divided into Friction II, a (precipitated at room temperature) 
and Friction II, h (precipitated by coolmg the filtrate from Fraction II, a 
m in ICC bath) These fractions were usually crystallme, white, shghtly 
hygroscopic solids which slowly turned browm on standing exposed to air 

The filtrite from Fraction II on concentration and coolmg 3 nelded addi- 
tion il fractions of hygroscopic solid from which a poor 3 neld of sphmgosme 
denvatne was obtained (sec Section III, B, Fraction G, III) This 
materi il (Fraction III) presumably contamed the 0-methyl ethers The 
data on several runs aie summarized m Table I 

Eich of the fractions (Nos I, II, III) melted with decomposition ovei 
a wide range, failed to rcdissolve completely in a volume of solvent in w'hich 
it 01 igmally w'as soluble, and on lepetition of the fiactionation process could 
be separated into tw'o oi three fi actions Since recrystalhzation from meth- 
anol (and ethanol) did not yield pure substances, other solvents weie tried 
Of these only acetic acid gave promising results Fraction B, I (2 0 gm ) 
was recrystallized from 200 ml of hot glacial acetic acid, yielding 1 4 gm 
of nicely crystallme matei lal meltmg at 190-230° A second crystallization 
from 200 ml of acetic acid gave 1 3 gm , m p 200-240° However, even 
this purified dihydiosphingosme sulfate still contamed a small proportion 
of other material, as judged by the pioperties of the triacetyl derivatives 

III Preparation of Tnacetylsphingosine 

Puie tnacetylsphmgosme (m p 101-102°, [a]n^ = —117° (01 gm m 
10 ml of chlorofoim)) can be obtained directly from the unfractionated 
sulfates pi epai ed from brain sphmgolipides Apparently the dihydrosphin- 
gosine content is so small that it does not interfere seriously with the isola- 
tion of the tiiacetyl derivative The behavior of the spmal cord sulfate 
IS markedly different It is difficult to obtain puie tnacetylsphmgosme 
from this material unless special attention is paid to its fractionation Frac- 
tion I from spmal cord contains 40 to 60 per cent of dihydrosphmgosme 
Fraction II usually contams less than 20 per cent of dihydrosphmgosme, 
and some samples may contam very httle However, for preparative pur- 
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poses it IS desirable to elrrmnate as much of the dihydro compound as pos- 
sible by extraction of Fraction 11 with 100 volumes of methanol at room 
temperature for several hours The msoluble matenal (largely dihydro- 
sphingosme sulfate) is removed and the sphmgosme sulfate fraction is re- 
covered from the filtrate This matenal generally yields good quahty 
tnacetylsphmgosme 

A Aceiylaivm of Spinngostne m Aqueous Allah — Crude sphmgosme sul- 
fate (Fraction B, II, b, 6 9 gm , 0 01 mole) was shaken with a mixture of 
80 ml of 0 5 N sodium hydroxide and 100 ml of ether A heavy emulsion 
formed as the free base was hberated and dissolved m the ether Acetic 
anhydride (4 1 gm , 0 04 mole) and sodium hydroxide (40 ml of 2 5 n) 
were added and the mixture was vigorously shaken (with coohng under 
the tap) until the odor of acetic anhydride disappeared The emulsion 
usually cleared durmg the acetylation and, if not, was broken up by the 
addition of methanol The ether layer was separated, washed with water, 
and dried The solvent was removed, Ipavmg 5 0 gm of a gummy residue 
Attempts to obtam crystaUme N-acetylsphmgosme from this matenal have, 
as yet, been unsuccessful 

B Acetylation of N-Acetylsphingosine m Pyridine — 5 gm of crude N- 
acetylsphmgosme were added to a mixture of 10 ml of pyridme and 10 
ml of acetic anhydride The solution warmed spontaneously and the solid 
dissolved On standmg at room temper ature, the ciystallme tnacetyl de- 
nvative separated After 2 hours the mixture was cooled m an ice bath 
and the precipitate was filtered, washed with 15 ml of cold acetone, and 
air-dned, givmg 5 7 gm of tnacetylsphmgosme This material was recrys- 
talhzed from 30 ml of acetone, givmg 4 9 gm of tnacetylsphmgosme (m p 
99-101°, = —10 0° (Oil gm m 10 ml of chloroform)) Further 

recrystalhzation of this matenal from acetone 3aelded pure triacetylsphm- 
gosme 

A sample of mixed bram sulfates (1 8 gm of Fraction F, I and 6 0 gm 
of Fraction F, II) by the above process yielded 7 5 gm of crude N-acetyl- 
sphmgosme and 6 0 gm of tnacetylsphmgosme (m p 99-101°, [ajn = 
—9 1° (0 1 gm m 10 ml of chloroform)) 

Fraction G, III (4 0 gm ) gave 1 8 gm of impure tnacetylsphmgosme 
(m p 95-98°, [aln^ = —7 9° (0 1 gm m 10 ml of chloroform)) 

Saponification eqmvalents were determmed on several preparations of 
tnacetylsphmgosme as follows The sample (0 5 mii) was dissolved by 
warmmg m 20 ml of 0 1 n potassium hydroxide m 90 per cent methanol 
The solution was allowed to stand overnight at room temperature and the 
excess alkah was titrated back with 0 1 N acid The results were uniformly 
m good agreement for the hydrolysis of the two 0-acetyl groups (0 2015 
gm , 0 474 mu of tnacetylsphmgosme required 9 62 ml of 0 1 n alkah. 
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0 lG2i gtn , 0 .}S2 nnt icciuirccl 7 50 ml of 0 1 n alkali ) N-Acefcylsphm- 
gosintMi IS obi lined is m imorphous solid by diluting the leaction mixtuxes 
With w Iter 


[ 1 Preparation of Triacetyldihydro^phmgosme 

A Riduclion of A'- lahjliplnntjoiinc — Since dihydiosphingosine was de- 
sired for dcgridition studies, tlic reduction of vaiioiis sphingosme deriva- 
tucs w IS iiuestig itcd For re isons which will be discussed ui a subsequent 
paper the reduction of tn icctylsphmgosme did not yield the desned dihydro 
den\ati\e IIowo\cr, N-acet}’! sphingosme was leadily leduced mth plat- 
inum in the Vdxins ippai itus Crude N-acetylsphmgosme (4 3 gm ) in 
120 ml of 95 per cent otli mol was hj'drogenated with 0 3 gm of platmum 
o\ide 'llic upt ike of hydrogen was 90 per cent of the theoretical At 
the end of the reduction the piecipitatcd N-acetylchhydrosphingosine was 
redissohcd b> liciting and the citalyst was filteied The filtrate was 
cooled in an ice bath, givmg 3 8 gm of N-acetyldihydrosphmgosine, melting 
at 120-123'’ liccristalhzation fiom 50 volumes of methanol yielded the 
pure compound (m p 125-120'’, [aln® = +11 O'’ (01 gm m 10 ml of 
chloroform-methanol, 11 1)) 

C oU«NO, Calculated C 69 93, H 12 03, N 4 07 

(313 5) Found “ 70 23 “ 12 30, “ 3 87 

B Acetylation of N-Acclyldihydrosphingosmc tn Pyndtne — Several modi- 
fications of the acetylation procedure desciibed foi sphmgosme (Section 
III, B) wore necessaiy N-Acetyldihydrosphingosme is much less soluble 
in pyridine than is rs’'-acctylsphingosme Hence the volume of the pyiidme- 
acctic anhydride leaction mixture was doubled and the leaction mixture 
was warmed on the steam cone until a homogeneous solution was obtamed 
On standing at room tempeiature the solution solidified to a gel which was 
difficult to filter and retained acetone tenaciously Therefore the reaction 
mixture (after 2 hours standing at room temperature) was cooled m an 
ice bath and tieated with sufficient methanol to react ivith excess acetic 
anhydiide iVftei 5 mmutes the solution was transferied ivith ether to a 
separatory funnel containmg iced dilute hydrochloric acid (1 0 ml of con- 
centiatcd acid per ml of pyndme) The ether layer, containmg the tn- 
acetyl deiivative, was washed wnth dilute acid to remove the last traces 
of pyndme, with sodium bicarbonate solution to remove acetic and hydro- 
chloric acids, and finally with water The solution was dried and the ether 
removed, leaving the ciude triacetyl derivative This method is recom- 
mended for any fraction containmg a high proportion of triacetyldihydro- 
sphingosine By the above procedure 5 0 gm of N-acetyldihydrosphm- 
gosme yielded 6 0 gm of crude triacetyldihydrosphmgosme This material 
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Mas reciystallized from 100 ml of ethanol, yielding 5 5 gm of pme ciys- 
tallme matenal (m p 102-103°, [a]|® = +18 0° (0 1 gm in 10 ml of chlo- 
loform)) 

C 4H,5N06 Calculated C 67 41, H 10 61, N 3 28 

(427 6) Pound “ 67 25, “ 10 60, “ 3 41 

The saponification equivalent ot triacetyldihydio»phingosine (determined 
by the method used foi triacetylsphmgosine) gave a value agreeing ivith the 
liydiolysis of the tiio 0-acet>l groups N-Acetylchliydiosphingosme sep- 
aiated fiom the saponification mixture in ti j stalline foim during the couree 
of the leactiou 

C Acetylation of Fiactwn I Sulfates — 1 Fiaction G, I (5 gm ) iias acet- 
ylated in aqueous alkali in the usual i\ay Consideiable difficulty ivas 
encounteied, due to the separation of ethei -insoluble mateiial This ivas 
finally bi ought into solution by the addition of methanol The ethei- 
methanol layei was separated and concentrated in vacuo The lesidue uas 
dissolved in 80 ml of hot methanol The solution uas cooled m an ice 
bath, yielding 2 5 gm of ciystallme matenal (mp 110-114°) Reciys- 
taliization of this material from methanol gai e 2 3 gm of N-acetyldibydro- 
sphingosine (m p 122-124°) The methanolic mothei liquois ueie 
concentrated and diluted ivith water, giving 2 0 gm of a waxy amoiphous 
solid This material gave 2 2 gm of tuacetylsphmgosme (m p 99-101°, 
[afo — —10 0° (0 1 gm m 10 ml of chloiofoim)) on furthei acetylation' 
m pyridine 

2 The puiified sulfate (1 3 gm ) obtamed by reciystalhzing Fraction B, I 

from glacial acetic acid (see Section II) was conveited to the fiee base, 
and the lattei was tieated with a mixture of 8 ml of pyridine and 6 ml 
of acetic anhydride The solution turned to a stiff gel immediately The 
triacetyl derivative uas extracted uath ethei, after the reaction mixture 
was treated unth methanol and iced hydrochloric acid The crude dei ivati ve 
was reciystallized from 40 ml of ethanol, giving 1 2 gm of triacetyldihydio- 
sphmgosine (m p 100-102°, = +17 4° (0 1 gm m 10 ml of chloio- 

form)) From the filtrate was obtained 0 4 gm of material melting at 
94+98° and giving a specific rotation of +3 3 (0 1 gm in 10 ml of chloio- 
form) 

3 Fraction A, I (5 0 gm ) gave 3 7 gm of triacetyl deiivative (mp 
98-100°, [aJn® = +4 5° (0 1 gm m 10 ml of chloroform)) Fraction B, I 
(2 0 gm ) gave 1 3 gm of tnacetyl deiivative (m p 96-99°, [ajo® = +3 1° 
(0 1 gm in 10 ml of chlorofoi-m)) Fiaction A, I was obtained from crude ^ 
spinal cord sphingolipide and Fraction B, I was prepared from the same 
matenal after leciystallization fiom glacial acetic acid The punfied ma- 
tenal contamed 90 to 95 per cent cerebroside Since the tuo triacetyl 
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(lem ( out imul ihoiit (lie ■'imc pioportion of triacctyldihydiobphm- 
gOMiip, tliC'-c (I i( i iikIk Up tliU dilivdiosphingosino i& an integral part of 
the lerolirosido fi-ip(ion 

V Pn jmrntion of Tribenzoylsphingosine 

1 gin ol tri ii.ptjl-'plungosinp w is hydiolyzcd by treatment ivath 20 ml 
ol 0 ) \ moth inolie potasbium h\dro\ide for 8 hours on the steam bath 
imdor i The < oolcd ''OltUton uab diluted with 100 ml of ivatei and 

the 1)1“^ \\ Ls i'\trictcd with cthei The ether solution was ivashed with 
w Uer mil dried Tlie cthci was icmoved, giving 0 5 gm of crystalline 
bi-i‘ iiieltmg it 79-81° 290 mg of this material were dissolved m 5 ml 

of pyriduie mil 1 0 gm of benzoyl chloride was added After 3 houis at 
room timiiir iture the rciction mixture was cooled m an ice bath and 1 ml 

of w Uer w is iddcd to hydrolyze excess benzoyl chloride After 5 minutes 

the solution w is diluted with 10 ml of water and the precipitate was filtered 
and w i-hed with water, giving 0 41 gm of crude mateiial melting at 110- 
iI7° Keerict dlization of this material from 20 ml of ethanol gave 0 24 
gm of pioduct melting at 118-121° A second recry stallization from 10 
ml of etlianol yielded 0 15 gm of material melting at 121 5-123 5° and 
gu mg i specific rotation of [aj^ = 2° (0 1 gm in 10 ml of chloroform) 

C,,n„NOs Calculated C 76 66, H 8 07, N 2 29 
(Oil 8) Found “ 76 80, “ 8 30, “ 2 42 

VI Preparalioii of Tnhcnzoyldihydi osphingosine 

Crude sphingosme sulfate (Fraction E, II, 14 gm ) was suspended m 250 
ml of 1 N sodium hydi oxide, and 100 ml of ether were added The mLxture 
was shaken vigoiously until the sulfate disappeared As the fiee base dis- 
bohed m the ethei a heavy emulsion formed 9 gm of benzoyl chloride 
were added m 3 portions wuth vigoious shakmg and cooling under the tap 
The emulsion gradually cleared and at the end of the reaction (with no 
odor of benzoyl chloiide) the ether layer was separated, washed wnth w^ater, 
and diied The ether was lemoved, leavmg 20 gm of a w'^hite waxy resi- 
due This was dissolved in 120 ml of hot methanol and the solution was 
cooled overnight in the ice box The benzoyl deiivative separated m the 
form of a gel which was difficult to fiee of solvent This behavior can be 
avoided partially by adding water to the hot methanol solution, causing 
the derivative to separate as an amorphous solid which is easily filtered 
and dried The dried pioduct weighed 12 gm and liquefied at 70-90° 
This mateiial could not be obtained in a crystalline foim from methanol, 
ethanol, benzene, oi acetic acid 

The crude benzoyl derivative (8 0 gm ) w'as dissolved m 100 ml cof warm 
ethanol and reduced cataljdically in the Adams apparatus wnth 0 2 gm of 
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platinum oxide catalyst The reduction proceeded rapidly (15 minutes) 
and N-benzoyldihjdrosphingosme separated toward the end The reduc- 
tion mixture was wanned to redissolve the precipitate and the platmum 
was lemoved The filtiate on cooling (or preferably on the addition of 
watei) deposited 7 5 gm of amorphous N-bonzoylddiydrosphingosme 
liquefying at 114-118° The amorphous benzoyl derivative (7 5 gm ) was 
suspended m 75 ml of pjnidme and 15 ml of benzoyl chloiide weie slowly 
added from a diopping funnel (leaction mixtiiie protected fiom moisture) 
w'lth cooling and shakmg The mrxtuie w as allow ed to stand at room tem- 
peiatuic foi 3 houis Cold watei (50 ml ) was slowly added The pre- 
cipitate oiigmally piesent (pyiidme hydrochloiide) disappeared and a new 
crystallme solid sepaiated This w'as filtered, washed thoroughly with 
w'ater, and recrystallized from 600 ml of hot ethanol, yieldmg 5 0 gm of 
beautifully crystallme tribenzoyldihydrosphingosme melting at 140-142° 
Tu 0 additional recrystalhzations raised the melting pomt to 144-145° ivith 
little loss of material This substance gave a specific rotation of [a]^^ = 
—31° (0 1 gm in 10 ml of chlorofoim) or —19° (0 1 gm m 10 ml of pyri- 
dme), and gave the correct analytical data for tribenzoyldihydrosphingo- 
sme 

CjjHsiNOs Calculated C 76 31, H 8 38, N 2 28 
(613 8) Found “ 76 42, “ 8 64, “ 2 30 

VII N-Benzoyldzhydrosphtngosme ' __ 

Tribenzoyldihydrosphmgosme (6 0 gm ) was dissolved in 1200 ml of hot 
ethanol (95 per cent) and a solution of 1 8 gm of potassium hydroxide m 
100 ml of ethanol W'as added The mixture was allow'ed to stand 12 hours 
at room temperature and w'as neutralized to phenolphthalem ivith hydro- 
chloric acid, and concentrated m vaciw Watei was added and the gelat- 
inous precipitate which formed was filtered, w'ashed thoroughly wnth water, 
and dried, guong 3 50 gm (88 pei cent) of an amorphous solid liquef 3 nng 
at 116-119° N-Benzoyldihydrosphingosme is less soluble m ethanol and 
m ether than is N-benzoylsphingosme It has not been obtamed m a crys- 
tallme state from alcohol, benzene, or acetic acid 

3 gm of tribenzoyldihydrosphmgosme were refluxed for 7 hours wnth 100 
ml of methanolic-sulfuric acid (10 per cent by weight) The product con- 
sisted mainly of the N-benzoyl derivative (even very prolonged refluxmg 
of the tiibenzoyl derivative with methanohc-sulfuric acid does not remove 
completely the N-benzoyl gioup) The crude N-benzoyl derivative was 
heated undei a reflux for 5 hours m 100 ml of 5 per cent methanohe-potas- ^ 
Slum hydroxide The reaction mixture was cooled and diluted with water, 
giving 1 5 gm of crude base (m p 83-90°) 

VIII Benzoylalion of Crude Sulfale Fractions 
It has not been possible to obtam pure tribenzoykphingosme or triben- 
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zo^ldih^dioijplinigo'jiiic fioiu tlic tnide sulfate fiactions Fiaction I gave 
i proijucL tout lining in unly tiibcnzoyldihydiosphingosine but the pure de- 
n\ itnaj li is bei n olif uncd only iftci c italytio reduction of these pioducts 
. or of tlic crude X-bcnzoyl'^phingo-.inc from Fraction II Fraction II gave 
(nljcnzojl don\ i(i\cs inciting o\oi a wide range Ceitain of these appear 
to cont un i toii'^idci ible iniount of the diliydio derivative on the basis of 
melting point uul optic il rot ition Othcra melt in the geneial range for 
trilx:nzo}lspliiiigosine (IlS-12t°), but our failure to obtain that compound 
m 1 pure ite from sphingosme mikes it difficult to evaluate the purity 
of such iiroclucis The following experiments w'lth Fractions I and II are 
typical 

.1 Jkiizoylalion of Fraction H — Crude sphingosine sulfate (Fraction G, 
II, 25 gm ) w Is bh ikeii w itli 120 ml of 1 0 N sodium hydroxide and 200 ml 
of ether The iddition of 25 ml of methanol hastened the disappearance 
of the sulfite ks the free base was liberated and dissolved in the ethei 
layer, a he ivy emulbioii formed To this mixture were added, in 3 portions, 
21 gm (2 moles) of benzoj 1 tiilondc and 220 ml of 2 n sodium hydroxide 
The reaction mixture w is shaken vigorously and cooled undei the tap until 
the odor of benzoyl chloride no longer could be detected The ether layer 
was sepiratcd, washed with water, dried, and the ether removed, leaving 
25 gm of a wax> solid, liquefying at 60-80° 

Half of this matciial (12 5 gm ) was benzoylated further in the usual 
way w ith 125 ml of pyi idinc and 25 gm of benzoyl chloride The product 
was a sticky solid (11 gm ) which, aftci two recrystallizations from 350 ml 
of ethanol, w'cighcd 10 5 gm and melted at 110-123°, [ajD^ = ~7 8° (0 1 
gm m 10 ml of diloiofoim) “ 

The other half of the crude N-benzoylsphingosine w'as reduced catalytic- 
ally m 150 ml of glacial acetic acid (This solvent is somewhat pieferable 
to ethanol, since the N-benzoyl dciivatives aie more soluble in it ) The 
platinum catalyst was icmoved and watei was added to the filtrate, pi e- 
cipitating the crude N-benzoyldihydrosphmgosme The precipitate was 
removed and dried m vacuo It w'as benzoylated m 150 ml of pyridine 
with 25 gm of benzoyl chloride The crude product weighed 12 0 gm and 
melted at 100-120° It was recrystallized fiom 800 ml of ethanol, giving 
8 8 gm of nearly pure tribenzoyldihydrosphmgosine melting at 140-143° 

B Benzoylation of Fraction I — Fraction G, I (5 0 gm ) was treated wnth 
80 ml of 1 0 N sodium hydroxide, 50 ml of ether, 20 ml of methanol, and 
3 0 gm of benzoyl chloride The sulfate dissolved very slowly and the 
N-benzoyl derivative separated partially from the ether ^ The crude ben- 
zoyl deiivative weighed 5 5 gm and melted at 95—100° This material on 

^ Since the dihydro derivative is not very soluble in ether, it is preferable to 
benzoylate fractions high in dihydrosphingosine by converting the sulfate to the 
free base in alcoholic alkali and benzoylating the base directly in pyridine 
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furthei benzoylation m pyridine gave 6 6 gm of tribenzoyl derivative melt- 
ing at 110-130° Recrystallization of tins product from 700 ml of hot 
ethanol jnelded 4 2 gm of nicely crystallme material melting at 133-137° 
The specific rotation of this matenal ([a]|® = —28 4° (0 1 gm m 10 ml of 
chloroform)) mdicated it to contam mainly tribenzoyldihydrosphmgosme 
These results are tj’pical of many similar experiments 

IX Reduction of Tnbemoylsphingomie 

Attempts to reduce tnbenzoylsphingosine directly to the dihydio deriva- 
tive in glacial acetic acid nere not successful The hydrogen uptake con- 


Table II 

Iodine Numbers of Sphingosine, Dthydrosphingosine, and Their Derivatives 


Compound 

lodme Vo 

Optical rotation 
(chloroform) 

Theoretical 

j Found 



Tnacetylsphingosuie 

1 59 7 

! 52 7 

-11 7 

Triacetyldihydrosphmgosme 

0 

3 2 

-MS 0 

Mixtures of 2 compounds above 


30 5 

+Z 0 



39 4 

-3 3 



37 9 

-3 5 



42 8 

-5 8 

Tnbenzoylsphingosine 

41 5 

35 3 

-5 3 

Tnbenzoyldihydrosphingosine 


4 8 

-29 5 

Crude sphingosine sulfate (Frac- 

72 9 

54 0 


tion D, n, 6) 

Dihydrosphingosine sulfate* 

0 

1 

12 1 



* Fraction I sulfate recrystalhzed from glacial acetic acid 


siderably exceeded the theoretical and the products melted o^el a vide 
range Thus 6 0 gm of tiibenzoylsplungosme fm p 118-122°) reduced 
vnth 0 3 gm of platmum oxide m 150 ml of warm glacial acetic acid ab- 
sorbed over 2 moles of hydrogen (piessuie drop 1 85 pounds, theoretical 
0 85 pound) The solution was waimed and the catalyst removed The 
filtrate on cooling deposited 3 8 gm of crystallme material (m p 125-139°) 
Recrystallization from ethanol gave 3 7 gm (m p 137-141°) The acetic 
acid filtratejon dilution with water gave 1 5 gm (m p 100-115°) 

It seems probable that partial reduction of the benzene img may have 
occurred, as well as another side reaction, n hich will be discussed in a sub- 
sequent paper However, it is possible to reduce N-benzoylsphmgosme mv 
good yields to N-benzoyldihydrosphmgosme, as described m Sections VI ^ 
and VIII, A 













r\KTlU, NOltlUs, (iMCK, I'HILLU’S, AND lUKUIS 


283 


V lodiiii Niimhci Dct( i intnalions 

Iodine munheis wi le (Ictciininod on i vancty of samples of sphingosine 
and dih.Ndro''j)liingoMne uid llun doM\ itives, by the method of Hanus (15) 
with mcKuru uetUe la i i it d^sl (IG) ind the method of Rosenmund 
md Kuhnlu iiii (17) b dts of the b ibOs g i\e ciritic results, especially with 
the 11 unis 11 ethod \(^l dcii\ itucs giuc rcpioducible figuies, but the 
results were ilw.ijs le^s thin tin theoictii il viluc Ceitam of the data 
ire siimni iri/isl in '1 ilik II 'llio-e lesults were obtained with the Rosen- 
miiiid-Kuhnh( nii pnn i duu 


St MM \in 

Diliviiosphingosnie h is luiii di ii letoiwcd as a Lomponent of the sphm- 
gohpidis of Inef hi-iiii iiid spm.d loid It is picscnt in i higliei concentia- 
tion in •'pin il tonl th in in In iin Ihis is the first obsciiation of the oc- 
currence of dilndiosphnigosnie in nene tissue of highoi animals, although 

I csuk iiid Viidci'On f 13) i-ol ited it fiom ryi/;ceic»s/ascio/a) is 

Methods hue been dtsciibcd foi piepuing sphingosine, dihjMiosphm- 
gosinc 'ind tlitii N- ictt\l, \-benzovI, tiiacetyl, and tiibcnzoyl deiivatives 
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BIOCIIEiMISTRY OF THE SPHINGOLIPIDES=» 
nr si'uucTuiiE of spiiingosine 


liT lICKBCRT L CVllTLR, FRANCIS J GLICIC.f WILLIAM P 
NORRIS, t \ND GEORGE E PIIILLIPS§ 

[troni the Dnision of Dtochunthtnj, Noyes Laboratory of Chemistry, 
Unncrsilyof llhnois, Urbana) 

(Received for publication, May 5, 1947) 

Sphingoaine w is di^cotcrcd by Thudichum (2, 3), \\ho isolated it from 
the hjdrolyiib pioducis of pliienosin, chaiacterized it as a base of empirical 
composition CwII^iXO^, and described a numbci of its salts Womei and 
Thierfeldcr (1) reported tint sphingosine absoibed bromme, mdicatmg 
unsaturation in the molecule Setcial 3 '’eai-s later, Levene and Jacobs (5) 
in a more tliorougli studj-^ characterized sphmgosme as an unsaturated 
mono iniinodilij dro\y alcoliol They prepared a tiiacetyl derivative (m p 
102-103°) md reduced spiiingosine to dihj'diosphmgosme inth palladium 
is the cat dyst In the same yeai Thomas and Thieifeldei (6) also leported 
the piepii ition of tii icetylsphingosinc (m p 100-102°) 

I^pisoith (7) ind Levene and West (8, 9) oxidized sphmgosme mth 
chromic acid and obtained an acid mIiicIi was identified as ?i-tiidecanoic 
acid, ilthough its melting point did not agiee too well with that of an au- 
thentic ‘•ample Leicne and West also oxidized dihydiosphmgosme m a 
similar fashion and obtained an acid melting at 60-61°, w^hich they identified 
as n-pcntadccanoic acid 

These results indicate that sphingosme has a Cn stiaight chain wnth a 
double bond between carbon atoms 4 and 5, and wath tw o hj-^droxyl gioups 
and an ammo group on the fiist 3 carbon atoms Levene and West (9^ also 
investigated the ozonolysis of sphmgosme The nitrogen-contammg frag- 
ment w as oxidized further w ith nitric acid to a substance tentatively identi- 

* The authors wish to express their deep appreciation to The Upjohn Company 
for a grant in support of this work 

The material presented in this paper was taken from the theses submitted by 
F J Ghck, W P Norris, and G E Phillips to the Graduate School of the Umversity 
of Illinois in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in Chemistry A preliminary report of a portion of this work has been 
published previously (1) 

t Present address. National Amline and Chemical Company, Inc , Buffalo, New 
York 

t Upjohn Company Fellow in Chemistry, 1941-43 Present address. Biology Di- 
vision, Argonne National Laboratory, Chicago, Illinois 

§ Present address. The Maltine Company, New York 
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fied as 7?ieso-tartaiic acid On the basis of these data the fonnulas for 
sphingosme (I) and dihydrosphingosine (II) were proposed 


CH5(CH2)iiCH=CH— CH— CH— CHo 

I I I 

OH OH NHj 
(I) 


CH, (CHOi 5 CH— CH— CH 

I I I 

OH OH NH, 
(II) 


Doubt concerning the occurrence of an odd numbered carbon chain in a 
natural product led Klenk and cowoikers (10, 11) to reinvestigate the struc- 
ture of sphingosme They repeated the chromic acid oxidation of sphmgo- 
sme and dihydrosphmgosme and found that the products were myristic 
and palmitic acids, respectively, rather than tri- and pentadecanoic acids, 
as previously reported Furthermore, ozonolysis of tnacetylsphmgosme 
yielded myristaldehyde and mynstic acid These data require a Cis struc- 
ture for sphingosme, and in confirmation of this view Klenk found that the 
analytical data for tnacetylsphmgosme and for salts of dihydrosphmgosme 
(10), as well as many of the analyses of previous workers (10, 12), fitted the 
Ci8 structure better than the Cn 

Klenk and Diebold (11) isolated the nitiogenous fragment from the ozon- 
olysis of tnacetylsphmgosme and identified it as III by the reactions 


-o 

— CH- 
1 

-CH 

1 

0 

1 

1 

0 

1 

j 

NH 

1 

1 

CO 

1 

1 

' CO 

1 

1 

CO 

1 

1 

CH, 

1 

CH, 

1 

CH, 


(III) 



HCl 

then 

Brj-HjO 


CH,— CH— CH— CO.H 

I I I 

OH OH NH, 


[(a)i? = -33 45] 

(IV) 

CHjCHjCH— COrH 

I 

NH, 

(V) 


shovm m III to V Compound IV was characterized by analyses, melting 
pomt, and optical rotation Compound V was identified as DL-a-amino- 
n-butsuic acid by analyses and meltmg pomt 

On the basis of these observations Klenk and Diebold (11) proposed 


/ CH,(CH,)„CH=CH— CH— CH— CH, 

I I I 

NH, OH OH 

(VI) 

structure VI for sphmgosme Although the evidence for VI seemed good, 
an absolute identification had not been made of either IV or V It seemed 
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desirable, thurefoie, to confirm Klenk’b results, eithei by sjmthesis of the 
various i-omci s of IV or by mdopcndcnt degradative studies on sphmgosme * 
The I vttcr iltcrnalivc seemed more attiactive, smce the lesults thus ob- 
tained \\ould bo informative, regardless of the correctness of IClenk’s con- 
clusions Furthermore sphingosinc afforded a suitable compound for deg- 
radation studies with poi iodic acid, a reagent which oxidizes 1,2-glycols 
(II, 15) ind 1 ,2-imino dcohols (15, 16) but does not attack an N-acyl- 
1,2 unmo ikohol (15, 10) It seemed probable, therefore, that the three 
possible stnicluies foi diliMliosphmgosine would be readily distinguished 
b^' this rcigcnt, is shown in the ariompinying equations 


ucir -c II -cii 

! . I 

OH OH NH 

I 

I 

( o 

I 

U' 

IlCH— CH -CH 

I I I 

NH OH OH 

I 

CO 

i 

R' 

HCH— CH— CH 

I I I 

on NH OH 

I 

CO 

I 

R' 


lOr 


10 ,- 


RCHO + CH.— CHO 

I 

NH 

I 

CO 

1 

R' 

RCH— CHO 4- CH-0 

I 

NH 

I 

CO 

I 

R' 


lor 


No reaction 


In oidei to avoid possible interference by the double bond in sphmgosme, 
the degradation studies weie perfoimed on dihydrosphmgosme derivatives 
In the course of pieparing these substances a study was made of the cata- 
lytic reduction of tiiacetylsphmgosme To our surprise anomalous results 
were obtained The hydiogen uptake by triacetylsphmgosme amounted 
to 1 5 to 1 8 moles per mole instead of the expected 1 mole Furthermore 
0 5 to 0 7 mole of acid was produced m the reduction It seemed evident, 
therefore, that hydrogenolysis of an acetoxy group had occurred Such a 
reaction is characteristic of an alljdic system (17) but not of an unactix^ated 


'^Simultaneously with the appearance of our original note (1), Niemann and 
Nichols (13) described the preparation of two diastereoisomeric a ammo ^, 7 -dihy- 
droxy- 7 i butyric aoids and found that neither of them gave the rotation reported by 
Klenk and Diebold for IV 
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acetoxy group This result strongly indicates that one of the acetoxy 
gioups of tiiacetylsphingosme is adjacent to a double bond, te , in an 
ally he position The fact that tiiacetyldihydiosphingosine is stable to 
catalytic leduction strengthens such a view The hydiogenation of tri- 
acetylsphingosme would thus be represented as in the accompanying foi- 
mulas, mvolvmg a competition m the first step between hydrogenolysis 
and hydrogenation 


CH3(CH2),jCH=CH— CH~CH— CH, 

til' 

O 


CO 


CHi 


0 NH 

1 ! 

CO CO 

I I 


H, 


CHj (CH2 )m— CH— CH— CH 

I t I 

o 


Pt 


CH, CHj 
I H,(Pt) 

CH, ( CHj) 12— CH= CH— CHa— CH— -CHj 


0 NH 

1 I 

CO CO 


CHj CHj 
+ CHiCO.H 


H2 


Pt 


CO 


0 NH 

1 I 

CO CO 

I I 

CHj CO 3 


CH3(CH.)i— CH—CH. 


0 NH 

1 I 

CO CO 

I ) 

CH, CH, 


This result was the first evidence against the coiiectness of the sphmgo- 
sme stiTicture proposed by Klenk 

As indicated in a previous paper (18), it is possible to reduce N-acyl 
derivatives of sphmgosine to the dihydro compounds Both N-acetyl and 
N-benzoyldihydrosphmgosme were prepared in this way and subjected to 
treatment with periodic acid under a variety of conditions In no case was 
any oxidation detected by quantitative determmation of periodate In 
each case an excellent yield of the unchanged derivative was recovered 
These results therefore establish the absence of a 1 ,2-glycol group m N- 
acylsphmgosmes Sphmgosine therefore has neither of the previously sug- 
gested formulas but it is best lepiesented as follows 

CHjCCH,) CH=CH— CH— CH— CH 2 

! ( ( 

OH NH. OH 

The above argument is valid only if the three functional groups of sphin- -.j 
gosme are on the terminal 3 caibon atoms, as postulated by Levene and 
IClenk In this respect further studies fully substantiated the conclusions 
of the earher workers N-Benzoyldihydrosphmgosine gave a nicely crystal 
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lino bi.n7jluk'Dc doii\ itup dii ticAtniont with benzalclehydo and zinc chlo- 
ride Siiuo tins leictioii is ilui ictciistic only of 1,2- and 1,3-gIycoJs, 
and biiu 0 the tormei is eliniin itrd by the pciiodate results, the two hydioxyl 


C’lIdCir J„i II (II CII 

! ' I 

OH MI OH 

I 

( O 

i 

Cell, 

groups 111 \-beii/()j Idihj di osphingosine must be in the 1 ,3 position Addi- 
tion il mfijiin dion w is furnished by i quantitative study of the oxidation 
ofdilijdroqiluiigusine bj sodiuin pciiodate This leaction was complicated 
hi the protipit diuii of an imine salt when sodium peiiodate or periodic 
acid was added to an alcoholic or cthcieal solution of dihydrosphingosine 
Different experimental conditions were tested in an attempt to avoid this 
difficulty It was discoxcrcd that the leaction remamed homogeneous in 
a dioxan-mctiunol niLxtuic and this sohent w'as used for analjdical studies 
Ilowevei, foi isolation of the pioducts it w'as found more satisfactory to 
treat an ethereal solution of the base w'lth aqueous sodium peiiodate 
Dihydi osphingosine consumes about 2 moles of periodate and yields formic 
acid, foimaldehydc, ammonia, and palmitaldehyde, the first thiee in equiva- 
lent amounts Tlie yield of palmitaldehyde was not estimated, due to 
losses in con vci ting it into deiivatives The semicarbazone and the thio- 
semicarbazone weie prepared Analytical data and melting points of these 
compounds agiecd w'ell with those foi palmitaldehyde These data show 
by an independent method that sphingosine has a Cis cham They also 
require that the thiee functional groups in sphingosine be located on adja- 
cent caibon atoms and that one of these be a terminal carbon, thus estab- 
lishing conclusively the stiucture of sphmgosme 

CHACHJ»CH— CII— CH. 

I I I 

OH NH. OH 

CHACH)uCHO -f HCOjH + NH3 CHjO 

This stiucture of sphingosine suggests an a-amino-/3-hydroxy acid as a 
possible bioprecuisor, and also opens up a possibility of synthesizing dihy- 
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drosphingosine by catalytic i eduction of an ester of a-amino-/3-hydro\yste- 
aric acid These problems are bemg studied m our laboratoiies at the 
present time 


EXPERIMENTAL 

Reduction of Tnacetylsphingosine — ^Tnacetylsphmgosme (6 18 gm , 14 5 
iom) was dissolved m 130 ml of ethanol (with warmmg) and reduced m 
the Adams apparatus with 200 mg of freshly piepared platmum oxide- (19) 
The uptake of hydrogen was 23 1 mii In a control run 200 mg of plat- 
inum oxide required 1 6 mil of hydrogen The derivative therefore ab- 
sorbed 21 5 mM 01 150 per cent of the theory The crude product (5 7 gm ) 
appeared to be only partially crystallme and melted at 87-97° On re- 
peated leciystalhzation fiom acetone 1 3 gm of material melting at 
100-103° were obtamed The residues were combmed and recrystallized 
once from acetone, givmg 4 0 gm of product meltmg at 87-90° This 
material gave the foUovnng analyses 

C20H13NO3 (369 57) ’ Calculated C 71 49, H 11 73, N 3 79 
CstHieNOs (427 61) < “ “ 67 41, “ 10 61 “ 3 28 

Found » 68 66, “ 10 81 “3 66 

An 0-acetyl determmation on this mateiial (as desciibed m a previous 
paper (18)) showed only 1 3 moles pei mole instead of the theoretical value 
of 2 0 for triacetyldihydrosphmgosme , 

Tnacetylsphingosine (5 26 gm , 12 4 mw) was reduced as descnbed 
above The corrected uptake of hydrogen v as 21 0 mM or 170 per cent 
of the theory The solution on titration ivith sodium hydroxide required 
8 0 mM of alkali This is equivalent to the hydrogenolysis of 65 peicent 
of one acetoxy group 

A number of experunents were earned out m which temperature and 
ratio of catalyst to triacetyl derivative were varied, but the results were 
substantially the same Further details on the nature of the reduction 
product will be lepoited m a subsequent paper 
Reaction of N-Acyldihydiosphingosines with Periodic Acid — N-Benzoyldi- 
hydrosplungosme (4 3 gm , m p 116-118°) was dissolved m 40 volumes of 
methanol and added to a solution of 8 gm of periodic acid m 200 ml of 
methanol The solution was allowed to stand for 24 hours at room temper- 
ature and then was concentrated undei reduced pressure to 150 ml Warm 
watei was added, precipitatmg 4 0 gm of unchanged N-benzoyldihydro-^ 

* Commercial platmum black gave considerably less hydrogenolysis than did 
platmum formed in situ by reduction of the oxide 
» Diacetyl derivative of aminohydroxyoctadecane 
< Triacetyldihydrosphingosine 
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''phinuDiiiK* isiiico tlii'5 bull'll ince is in iinoiphous powdei, it was con- 
M-rti'd (o luben7oyIdihydrobphuigosinc foi cliaiactcuzation An 85 pei 
lent yield of product nieltuig at 1 13- 115° was obtained 

''iinil ir rcbiilt'i weie ob( lined if the leiction mi\tuie was allowed to 
•lUiiid it 30° for 2 1 lioui> '1 lie U'-c of dio\an as the solvent also gave sim- 
ilir ic"'ultb Attempts to oxidue X-bcnzoyldihydiosphingosine with so- 
diuin iiK t ipi nod ite uoie compile ited bi' the insolubility of the reagent in 
inetli uiol iiid the •'light solubility of the deiivative m aqueous methanol 
How e\ er, in e\perinient w as cai ned out in which 4 0 gm of N-benzoyldihy- 
droapliiiigo'iiie wcic disaohcd in 300 ml of methanol and a solution of 5 
gm of sodium period ite in 50 ml of watei was added The precipitate 
w Is husptnded by stirring for 72 hours The reaction mexture w'as diluted 
with 1 liter of w lull watei and the piccipitate w^as filtered, washed thoi- 
oughlj with water, ind dried, giving 3 6 gm of unchanged N-benzoyldihy- 
drosphingobine 

X- \.cetj IdiiiydrosphingObine (10 gm , m p 122-123°) w'as dissolved m 50 
ml of nietiianol 10 ml of a 1 per cent solution of periodic acid m methanol 
were idded iiid the bolutioii W'ss made up to 100 ml with methanol Ah- 
quot portions of 2 ml eich wcic lemoved aftei 1, 3, 5, and 24 hours The 
sample was iddcd to 25 nil of w'ater Potassium iodide was added and 
the solution was acidified with sulfuric acid and titrated with sodium thio- 
oulfate Theie was no diffeiencc between the values thus obtamed and 
those of a control solution of the same composition, except foi the N- 
acetyldihydrobphmgosme The remaindei of the reaction mexture was 
concentrated in lacuo, W’ater was added, and the precipitate was removed 
and rccrystallizcd from methanol The product weighed 0 5 gm and 
melted at 123 -12-1° Acetylation of this material m pyi idine gave tiiacetyl- 
dihydrosphingosme in 80 pei cent yield 

Benzal Derivative of N-Benzoyldihydrosphingosine — The N-benzoyldiliy- 
drosphmgosine (1 5 gm ) from a peiiodic acid reaction was shaken over- 
night wuth 10 ml of benzaldehyde and 3 gm of anhydrous zinc chloiide 
The mixture became viscous and a solid separated The reaction mixture 
ivas taken up in 200 ml of ethei The solution was shaken foi 1 houi ivith 
20 gm of sodium caibonate and decanted into 500 ml of 4 pei cent aqueous 
sodium caibonate The emulsion which foimed was allowed to separate 
and the ether' layer w'as removed and diied Evapoiation of the ether 
left 1 5 gm of crystalline mateiial meltmg at 140-145° This material 
was rcciystalhzed fiom 250 ml of ethanol, givmg 1 3 gm of product (m p 
142-147°) A second recrystalhzation fiom 200 ml of ethanol yielded 
0 4gm (mp 142-148°, specific rotation -f-37 4° (Olgm inlOml of chloro- 
form)) 

Cl HitNOj (493 7) Calculated C 77 85, H 9 58, N 2 84 
Found “ 78 00 “ 9 70 “2 98 
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An additional 0 5 gm of ciystallme material melting at 138-145° was ob- 
tamed from the mother liquors 

Found, C 78 03, H 9 72, N 2 92 

Apparently this material represents a mixture of the two benzal derivatives 
possible as the result of the introduction of a new asymmetiic carhon atom 
mto the molecule 

Oxidation of Dthydrosphingomie vnlh Periodate Analytical Experiment — 
To a solution of dihydrosphmgosme (52 7 mg , 0 175 mAi) m 10 ml of dioxan 
and 2 ml of methanol were added 5 0 ml of a 5 pei cent methanohc solu- 
tion of periodic acid 3 houis latei there was a decrease of 7 4 ml of 0 1 
N sodium thiosulfate m the titration value foi the reaction mixture, as 
compared to the control solution This corresponds to 0 37 mM of periodate 
consumed or 2 1 moles of periodate per mole of dihydrosphmgosme In 
similar experiments the amount of peiiodate required varied from 2 06 to 
2 48 moles per mole of dihydro base 

Isolation of Oxidation Products — In order to isolate the products of the 
dihydrosphmgosme oxidation the leaction was carried out in an aqueous 
solution Under these conditions a highly msoluble salt of dihydrosphmgo- 
sme (lodate or penodate) was precipitated, even when the pH of the reac- 
tion mixture was raised by adding 10 per cent sodium carbonate solution 
After considerable prelmunaiy experimentation, the foUoivmg conditions 
were adopted The experiments described below are typical of several 
others 

A solution of 0 868 gm of dihydrosphingosine in 30 ml of ether was 
stirred xiuth 35 ml of 10 per cent aqueous sodium penodate, for 5 hours at 
room temperature The material precipitating from the ether layer was col- 
lected and dried in a sintered glass filter, giving 0 8 gm of a dihydiosphmgo- 
sine salt Calculated on the penodate salt, this amoimt of matenal is eqmv- 
alent to 488 mg or 56 per cent of the onginal dihydrosphingosine ® The 
ether layer fiom the reaction mixture was washed once ivith water and 
concentrated m vacuo, givmg a semisohd waxy residue This matenal 
was dissolved m 4 ml of ethanol Semicarbazide hydrochloride (0 3 gm ) 
and sodium acetate (0 45 gm ) w ere added and the solution was refluxed for 
several minutes and warmed for an additional 2 hours On cooling, a 
crystallme senmcaibazone separated After several recrystaUizations from 
dilute alcohol the matenal melted at 106 5-107° Palmitaldehyde semi- 
carbazone is reported to melt at 107° (20) 

5 The salt is extremely insoluble in water or hot alcohol It i\as refluxed with 
aqueous alcoholic potassium h>droMde but did not dissolve completely The 
solution was extracted with ether and the ether solution was evaporated The 
residue gave tribenzoyldihj'drosphingosine (m p 143-144°) on treatment with ben 
zoyl chlonde in pyridine The aqueous alcoholic solution from the ether extraction 
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CnlliiNiO (297 17) ‘ Culculated C 03 03, H 11 80, N 14 16 

CuHuNjO 15) ’ “ » 07 79 “ 11 73 “ 14 85 

romicl » 08 08, “ 11 08, “ 14 33 

The Kiucoub I vjcr ind uablnngs wcie diluted to 50 ml , of which 6 ml 

were mixed w itli 1 1 ml of i. 0 33 pci cent aqueous solution of chmedon (21) 
Vftcr 21 hours the piccipit ito \\ is filteicd, washed, and diied, givmg 44 
mg of the dimcdoii dcri\ itive of foimaldehyde, meltmg at 189° This 
jueld is cqui\ dent to 3S() mg of dihydiosphiugosme 

10 ml s imples of tlie tormaldehjdc-fiee filtiate weie mixed unth concen- 
trated sodium 113 dioxide and distilled into 10 ml of 0 01 N hydrochloric 
acid m i micro-Kjcld ihl appaiatus The aveiage consumption of hydro- 
chloric acid w 13 101 ml This is equivalent to 2 12 mg of mtiogen m the 
original 0 ml s unjile 01 17 7 mg in the entire oxidation solution This 
imouiit of nitrogen is ciiuivalcnt to 380 mg of dihydrosphmgosine 

solution of 1 0 gm of diliydi osphingosme in 125 ml of ether was stirred 
while 20 ml. of 0 3 \i sodium peiiod ite weie added dropwise This method 
of adding the period ite did not picvent the usual fonnation of a xvhite 
solid precipitate The 3aclds of oxidation pioducts were slightly lower 
tlun m other experiments, possibly because an excess of peiiodate was not 
used The oxid ition pioduets weie isolated as m the preceding experiment 
The fatty aldelodc was heated 1 houi undei a leflux ^vith a solution of 
150 mg of lliiosemic ubazide in 35 ml of absolute ethanol The solution 
was allowed to st uid overnight at 100m tempeiatuie and w'as then concen- 
trated to i ml and cooled The piecipitate w'as filtered and washed with 
2 ml of cold ethanol Excess thiosemicaibazide was extracted xvith 50 ml 
water and the residue w'us reci ystallized fiom ethanol, givmg 244 mg of a 
thiosemicarbazone ^Vftei two additional reciystalhzations from dilute 
etlianol the mateiial melted at 106-107° The thiosemicarbazone of pal- 
mitaldehyde is repoi ted to melt at 109° (22) 

CijHjsNjS (313 55) » Calculated C 65 12, H 11 25, N 13 41 

CuHiiN S (299 53) ’ " “64 16, “ 11 11, “ 14 03 

Found “ 65 27, “ 11 20, “ 13 43 

The aqueous layei and ether w'ashmgs 3aelded 193 mg of the formalde- 

hyde-dimedondeiivative(mp 189°) equivalent to 200 mg of dihydrosphm- 
gosine The formaldehyde-free filtrate was neutrahzed to pH 7 2 with 
barium hydroxide and concentiated to dr3mess m vacuo The residue was 
dissolved in 50 ml of watei , and 1 5 ml of 85 per cent phosphoric acid were 

•liberated iodine when added to an acid solution of potassium iodide These data 
indicate that the material is either the lodate or periodate salt of dihydrosphingosme 
* Semicarbazone of palrmtaldehyde 
’’ Seimcarbazone of pentadecanal 
“ Thiosemicarbazone of palmitaldehyde 
’ Thiosemicarbazone of pentadecanal 
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added The solution was distilled ^n vacuo through an efficient condenser 
and the distillate was collected in a tiap cooled in an ice-salt bath The 
formic acid w^as titrated ivith sodium hydroxide at 25° to a pH of 7 0 with 
a Beckman pH metei woth traveling electiodes Exactly 7 0 ml of 0 1 n 
sodium hydroxide were required This is equivalent to 210 mg (0 7 miij 
of dihydrosphmgosme A quantitative peimanganate oxidation on this 
solution showed it to contam 32 mg of formic acid (equivalent to 209 mg 
of dihydrosplungosme) 


SUMMARY 

Tnacetylsphmgosme undergoes partial hydrogenolysis of an acetoxy 
group on catalytic reduction, mdicatmg that the structure proposed by 
Klenk and Diebold for sphmgosme is not correct The failure of N-acyl- 
sphmgosmes to be oxidized by periodate and the oxidation of dihydro- 
sphmgosme to palmitaldehyde, formic acid, ammoma, and formaldehyde 
establish the structure of dihydrosphmgosme as l,3-dihydroxy-2-amino- 
octadecane These results m conjunction with the earher experiments of 
Levene and of Bdenk show that sphmgosme is l, 3 -dihydiox 3 ’'- 2 -anuno- 
octadecene-4 
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IV SYNTIILfalS or COMPOUNDS KBL VTED TO SPHINGOSINE 

Uv llERULlir L' CMULR, WILLLVAI P NORRIS, f and HARRIET E 

ROGKWELLt 

(/'rom Ihc Division of UiochcmisiTy, Noyes Lahoraiory of Chermslry, 
Unticrsiiy of Illinois, Urbaiia) 

(Rctcu ed for ijubhcution, May 0, 1947) 

lu a previous papci (1) ovidcuce uas piesented establishing the structure 
of dilij^drosphingosme as 1 ,3-dihydio\y-2-aminooctadecane As a method 
of ipproathiiig the synthesis of compounds of this type, the leduction of 
the corresponding Q:-ainino-/3-hydro\y esters olfeied considerable promise 

R— CII— CII— COaCHi R— CH— CH— CHi 

II III 

OJI mis OH NHj OR 

(Dihydroaphingosme, R=CisHj,) 

Levenc and coworkci-s found that esteis of a-ammo acids weie i educed 
catalytically to ammo alcohols ovei coppei chromite (2) oi Raney’s nickel 
catalyst (3, 1), and that no raceimzation occuned when Raney’s mckel was 
•' employed as the catalyst With a laige quantity of catalyst and hydrogen 
pressures of 2200 pounds the leduction pioceeded lapidly at temperatures 
of 40-70° and excellent yields of product were obtamed It seemed prob- 
able tliat a-amino-)3-hydio\y estei-s would behave similarly, with the possi- 
bility, however, that the /3-hydroxyl group might be lost m the process 
Therefore, as model compounds, the methyl esters of CL-allothreonme and 
DL-threomne were subjected to reduction with a large quantity of Raney’s 
nickel as the catalyst In each case the reduction proceeded rapidly and 
was complete before the temperature of the bomb reached 80° The prod- 
ucts were viscous oils which leadily yielded ciystallme derivatives The 
tnbenzoyl deiivative from allothieonine (l,3-dibenzo\y-2-benzamido-7i- 
butane) melted shaiply at 155-156°, and there ivas little indication of the 
presence of a second isomei Evidently little oi no epimerization occurred 

* The authors wish to express their deep appreciation to The Upjoha Company 
for a grant in support of this work The material presented in this paper was taken 
from the theses submitted by W P Norris and Harriet E Rockwell to the Graduate 
^School of the Umversity of Illinois in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Chemistry 

t Upjohn Company Eellow in Chemistry, 1941-43 Present address. Biology 
Division, Argonne National Laboratory, Chicago, Illinois 

f Present address, Sterling-Winthrop Research Institute, Rensselaer, New York 
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during the esterification-reduction process ivith allothreomne The results 
were less clean-cut m the case of threonine The tnbenzoyl denvative, 
after repeated reciystalhzation from aqueous methanol and peti oleum 
ether, softened at 127° and melted at 133-135° Smce this material gave 
the correct analytical data for the tnbenzoyl derivative, it must have con- 
sisted of a mL\ture of the two possible racemic forms It would appeal that 
epimerization (extent undeteimmed) had occuried m the reduction or 
esterification of threonine A further study of this pomt is bemg made 
However, these results afford some hope of obtammg the fom diastereo- 
isomeric 1 ,3-dihydroxy-2-aminooctadecanes by reduction of the correspond- 
ing isomeis of methyl a-ammo-/3-hydroxystearate Such a conversion 
would not only provide a synthesis foi dihydiosphingosine but would also 
fuimsh information as to the stereochemical configuration of the base To 
this end the sjmthesis of the a-ammo-/9-hydio\ystearic acids is being inves- 
tigated 

As a further model compound methyl a-ammosteaiate was subjected 
to leduction ivith Raney’s nickel catalyst The theoretical amount of hy- 
diogen was absorbed rapidly and a 70 pei cent yield of l-hydioxy-2-amino- 
octadecane was obtamed This compound we believe to be dl-sphingme* 
on the basis of evidence which will be lepoited later This smooth i educ- 
tion of a long cham ester is encouraging as regaids the synthesis of dihydro- 
sphingosine 

Adkms and Reeve (6) reported the synthesis of a mivtuie of DL-threonine 
and DL-allothreomne by the reduction of ethyl oximinoacetoacetate (or 
its 0-methyI ethei) We found that ivith a laige amount of catalyst the 
oximmo ester u as reduced readdy m one step through the ammo ester to 1 ,3- 
dihydroxy-2-ammo-n-butane The product on benzoylation yielded mainly 
the derivative meltmg at 155-156° 

EXPERIMENTAL 

Preparatiffn of Esters foi Reduction — ^Ethyl oximmoacetoacetate and the 
0-methyl ether were prepared accordmg to directions of Adkins and Reeve 
(6) The methyl esters of nn-threonme and DL-allothreonme were obtamed 
by the method of Fischer and Suzuki (7) The hydiochloiide of DL-threo- 
nme methyl ester vas obtamed as a white cijstallme solid meltmg at 112- 
115° by precipitation from an ethanol solution with ethei The yield ivas 
88 per cent The hydiochloride was conveited to the free ammo ester 
■with an eqmvalent amount of sodium methylate A 90 pei cent yield of 
DL-threonme methyl ester meltmg at 35-36° uas obtamed nn-AIIothreo- 
nme methyl ester was obtamed m the same manner The hydrochlonde / 

1 Levene and West (5) first prepared sphingme by the reduction of dihydrosphingo- 
sine with hydnodic acid ‘ 
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molted at 111-112“ Tlic hydiochlondo of methyl a-ammostearate was 
prepued by (lie prooedure of Fischci and ICropp (8) in 80 per cent yield 
It w IS rocrjst dlizod from ethyl acetate (m p 109-110°) This hydrochlo- 

-rKlo lb bolublo m hot \sator but not in cold and is insoluble in ether The 

free immo ester w is rccr^^bt ilhzcd from aqueous methanol (m p 48-49°) 

C,,IIa,NO, (31J 51) Calculated C 72 79, H 12 54, N 4 47 

Found “ 72 91, “ 12 43, “ 4 52 

Reduction of Esters 

Methyl Ester of DL-Allothrcoiune — The ester (10 gm ) was dissolved m 75 
ml of miij'drous methanol, and 25 gm of Raney’s nickel catalyst were 
added The mixture was hydrogenated at 2300 pounds piessme of hydro- 
gen as tlic tempcntuio of the bomb was raised slowly The reduction was 
completed below 80° Tlio product was a viscous basic oil which could 
not be induced to crysUllize 

I he crude base (2 5 gm ) was dissolved m 50 ml of anhydious pyiidme, 
and 15 gm of benzoyl chloiide w'cic added slowly with coolmg and shakmg 
(protect against moisture) The icaction mixture was aUow'ed to stand 
for 2 hours at loom temperature It was cooled in an ice bath and 100 ml 
of cold water were added Tlie solid w'hich formed was filtered and le- 
crystallizcd from 70 per cent ethanol, giving 4 3 gm of a featheiy crystal- 
-hne solid melting sliaiply at 155-150° This represents a 45 per cent yield 
calculated on allotlueonme ester 

Cj HjjNOi (117 14) Calculated C 71 93, H 5 55, N 3 36 

Found “ 71 94, “ 5 75, “ 3 51 

An oxalate of the base ivas obtamed by adding a solution of 1 75 gm 
of oxalic acid in 25 ml of absolute ethanol to a solution of 4 gm of crude 
reduction product in 100 ml of absolute ethanol The precipitate was sus- 
pended m a liter of ethanol and w'ater was added to the boilmg suspension 
until the solid dissolved The oxalate sepaiated from the solution on cool- 
mg m a nicely crystallme foim (m p 199-201°) The yield was 3 7 gm 
(65 per cent calculated on allothreonme ester) 

CioHj.NjOs (300 31) Calculated C 39 96, H 8 00, N 9 33 

Found “ 40 15, “ 8 14, “ 9 10 

Methyl Ester of DL-Threonine—This ester was reduced and the emde prod- 
uct converted to the tiibenzoyl derivative, as described m “Methyl ester 
of DL-allothreonine ” The cimde derivative was a sticky gum w'hich crys- 
tallized from aqueous ethanol On repeated recrystalhzation from that 
solvent and fiom petroleum ether a product was obtamed which softened 
at 127° and melted at 133-135° (20 per cent yield calculated on threonme 
ester) 



298 


BIOCHLMISTRY OF SPHINGOLIPIDtS ' IV 


C-jHsjNOs (417 44) Calculated C 71 93, H 5 55, N 3 36 
Found “ 71 85, “ 5 67, “ 3 39 

Mowtures of this material with the 155-156° compound melted m the range 
137-148° ' 

Methyl a-Aminostearate — ^The ester (13 gm ) was dissolved m 100 ml 
of anhydrous methanol 40 gm of Raney’s mckel were added and the 
mnxture was hydrogenated m the usual manner The reaction was com- 
plete when the temperature of the bomb reached 110-115° The catalyst 
was filteied and the solvent was removed under reduced pressure The 
white solid residue was lecrystallized from aqueous methanol and from 
petroleum ether, giving 7 5 gm (67 per cent yield) of l-hydro\y-2-ammo- 
octadecane melting at 81-81 5° 

CijHjsNO (285 50) Calculated C 75 72, H 13 77, N 4 91 

Found “ 75 67, “ 13 61, “ 4 92 

The sulfate of the base was piepaied and recrystalhzed from ethanol 
(m p 205-206° with decomposition) The diacetyl derivative was ob- 
tained by warmmg 1 gm of the base with a mixture of 4 ml of pyridme 
and 4 ml of acetic anhydride on the steam cone foi 20 mmutes The re- 
action mixtuie solidified on coolmg but the acetyl derivative did not filter 
readily Therefoie alcohol was added to decompose excess acetic anhy- 
dride The mixture was poured onto iced hydrochloiic acid and the deriv- 
ative was extracted with ether The ethei was removed and the crude 
product was crystallized from aqueous ethanol, giving 1 0 gm of 1-acetoxy- 
2-acetamidooctadecane, meltmg at 98 5-99° 

C2jH4jN 03 (369 57) Calculated C 71 49, H 11 73, N 3 79 

Found “ 71 32, “ 11 68, “ 3 70 

The diacetyl derivative crystallized from several solvents but the crys- 
tals m every case were difficult to free of solvent 

Ethyl Oximinoacetoacetate — This estei was reduced as descnbed m 
“Methyl ester of DL-allothreonme ” The reduction product gave the tn- 
benzoyl derivative meltmg at 155-156° (35 to 40 per cent yield) 

SUJOLXRY 

The methyl esters of DL-allothreomne and DL-threonme are reduced 
smoothly with Raney’s mckel catalyst to 1 ,3-dihydioxy-2-aminobutane 
•- Allothreonine yields a smgle isomer, while threomne gives a mixture of the 
two possible racemic forms Methyl a-amino stearate is reduced to 1- ' 
hydroxy-2-ammooctadecane m an excellent yield The application of this 
reaction to the synthesis of dihydrosphmgosme and its isomers is bemg in- 
vestigated 
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OXIDATION OP HYDROXYPROLINE BY PERIODATE* 


li\ IILllBCllT E C^VJITDR and HARRIET E NEVILLEt 

{I'Tom the Dmsion oj Dtocheintalnj, Noyca Laboratory of Chemistry, 
Unitersity of Illinois, Urbana) 

(Rccoucd for publication, May 12, 1947) 


During tlie course of studies on the periodate oxidation of ammo alco- 
liolb, it seemed of interest to investigate the behavior of hydroxyprolme 
This compound contims a 1,2-amino alcohol group but in contrast to 
other compounds which liavc been tested the N atom is part of a rmg 
structure, which might possibly interfere wnth the periodate reaction 
Several workers ha\e reported that hydroxyprolme yields no acetaldehyde 
(1, 2) or volatile b isc (1, 3, 1) under the conditions of the analytical pro- 
cedures fo“ threonine and total hydioxyamino acids, respectively How- 
c\er, as far as we can determine from a search of the literature, no study 
has been ni idc of the reaction of hydroxyprolme with penodate and no 
mention li is been made, even in the recent paper of Rees (5), of the possi- 
bility that hj droxyprohne might interfeie with the determination^ of 
senne by contributing extra formaldehyde in a normal cleavage of its 
ammo alcohol group 


HO— CH— CHi 


I 


CHj CH— CO,H 
N / 

NH 


IO4- 

HjO' 


H 

I 

0==c— CH: 


HO— CHj 
\ 

NH 


CH— CO:H 
/ 


? 


CH,0 


An investigation of the reaction of hydioxypioline with periodate dis- 
closed that a slow but extensive oxidation occurred, resulting m the con- 
sumption of about 4 moles of periodate over a 48 hour period An ex- 
tensive series of quantitative experiments established the following facts 
concerning the products of the reaction 
Formaldehyde — As detemuned by the isolation of the dimedon derivative, 

* The authors wish to express their appreciation to the Abbott Laboratories, Eli 
Lilly and Company, Parke, Davis and Company, and The Upjohn Company for a 
grant in support of this work 

t Special research assistant in Chemistry 

1 In this connection it is interesting to note that serine values for collagen and gela- 
tin by the periodate procedure are erroneously high (6) 
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0 6 mole of fonnaldehyde is produced m 1 hour and 0 84 mole m 24 hours, 
under the conditions of the serme determination (7) 

Acetaldehyde — ^Under the conditions of the threomne determination (2), 
no volatile aldehyde is formed after either 1 or 24 hours 

Ammonia — ^Under the conditions of determmation of the total hydroxy- 
ammo acids (3), no ammoma is obtained after a 1 hour oxidation period 
However, if the oxidizmg solution is allowed to stand 24 hours before 
aeration, a variable but sigmficant amount of ammoma is obtamed (0 2 to 
0 3 mole) 

The exact mechamsm of the oxidation of hydrox 3 rprohne by periodate 
has not been worked out The 1st mole of periodate probably ruptures 
the pjTrolidme ring, as shown m Equation I The nature of the subsequent 


Tabiji I 

Oxidation of Hydroxyproline with Sodium Metapenodate 


Time 

Periodate coasumed per mole bydroxyprolme 

hrs 

moles 

0 0 


0 5 

0 49 

1 

0 78 

2 

1 32 

4 

2 06 

6 

2 34 

8 

2 65 

24 

3 48 

48 

3 93 


reactions remains to be deternuned However, the data now available 
indicate that hydroxyprohne does not mterfeie ivith the deternunations 
of threomne oi of total hydroxyammo acids Under the conditions for 
the penodate deternunation of senne, hydioxyprolme contributes ap- 
proximately 0 6 mole of formaldehyde, and hence this factor must be 
considered m evaluatmg the lesults obtamed foi serme mth mixtures 
contaimng hydroxyproline 


EXPERIMENTAL 

Oxidation of Hydioxyprolme by Sodium Metapenodate (8) — ^Hydroxy- 
prolme (25 4 mg ) was placed in a 100 ml volumetric flask, 50 ml of 
0 02 M sodium metapenodate' were added, and the solution was diluted to ^ 
volume At intervals, 10 ml aliquots of this solution were titrated with 
0 01 M sodium arsemte A blank contaimng only 0 01 ii sodium meta- 
penodate was titrated at the same time The course of the reaction is 
shown in Table I 
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Oxidation of Hydroxy prolinc atcordimj to Piocedure for Deiermmahm of 
Threonine and Serine (7) — A simple of liyclro\yprolme (115 mg) was 
dissohccl m 5 ml of water m a 20 X 2 5 cm Pyie\ tube, 5 0 ml of 1 m 
sodium bicirboiute, 10 ml of 0 1 n sodium aisemte, and 2 ml of 05 m 
parapenodiL icid were iddcd, and the mixture was aerated wnth carbon 
dioxide into two receiving tubes containing dilute sodium bisulfite After 

1 hour of vcrition, the contents of the receiving tubes weie combmed and 
titrated with 0 1 n iodine solution to remove the fiee bisulfite Sodium 
bicirbonitc was then iddcd to hbciate bound bisulfite No bound bi- 
sulfite w is Ob'-cried 

The oxid itioii mixture was transfeiied to a 125 ml flask, and made acid 
to methyl red with acetic icid excess of a 04 pei cent solution of 
dimedon was added iiitl the mexture was allow’ed to stand foi 48 hours 
The precipitate was collected and dried, giving 9 3 mg (60 per cent yield) 
of the dimedon derivative melting at 185-186° In a duplicate expeii- 
nient, 10 1 mg of hydroxypiohne gave 7 8 mg (64 per cent yield) of the 
dimedon dcrivitue and no volatile aldehyde was produced 

V sample of hydroxyproline (14 0 mg ) was dissolved in 5 ml of w'ater, 
and 5 ml of 1 \i sodium bicarbonate, 10 ml of 0 1 N sodium arsenite, and 

2 ml of 0 5 M pirapeiiodic acid weie added The flask was stoppered and 
allowed to stand foi 21 hours when the mixtuie was transfeiied toa Pyrex 
tube and aerated with carbon dioxide into sodium bisulfite foi an hour, as 
m the standard threonine pioceduie Again no acetaldehyde (volatile 
aldehyde) was detected 

The reaction mcxtuie was tiansfeiicd to a 125 ml flask, acidified, and 
an excess of 0 4 per cent dunedon solution w as added At the end of 48 
hours, 25 G rag (83 4 per cent yield) of dimedon deiivative, meltmg at 
188-189°, were obtained 

Oxidation of Hydroxyproline according to Pioceduie foi Total Hydroxy- 
ammo Acids (3) — Two 12 0 mg samples of hydioxypiolme were dissolved 
m 5 ml of water and 15 ml of a saturated solution of potassium carbonate 
and 2 ml of 0 5 m paraperiodic acid solution were added These solutions 
were then aeiated into 25 ml of 0 01 n hydiochloric acid foi 1 hour A 
blank containing only the reagents was treated similarly At the end of 
1 houi, a negligible amount of ammonia was obtained 

Twm othei samples of 11 0 mg each weie dissolved m 5 ml of water 
and 15 ml of saturated potassium carbonate and 2 ml of 0 5 m para- 
periodic acid were added They were connected to tubes contammg 
25 ml of 0 01 N hydrochloric acid, and were allowed to stand 24 hours, 
protected from the atmospheie The samples, and a blank run con- 
cuiiently, were then aeiated foi an houi and 0 3 mole of ammoma was 
liberated An additional 0 2 mole of ammonia was obtamed on piolonged 
aeration (5 hours) 
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Hydroxyproline (20 8 mg ) was dissolved m 5 ml of water and a solution 
of 120 mg of sodium metaperiodate was added The tube was connected 
to a tube contammg 25 ml of 0 01 n hydiochloiic acid and was allowed to 
stand 24 hours protected fiom the atmosphere A blank was run under 
similar conditions Aftei 24 hours, 15 ml of satunited potassium caibonate 
were added, and the mixtures weie aerated foi 7 houis, yielding 0 55 mole 
of ammonia per mole of hydioxyprohne 

SUMMARY 

Hydroxypiolme undergoes a slow but extensive oxidation by periodate, 
consummg about 4 moles m 48 hours Under the conditions of the perio- 
date deteimmation of serme, hydroxyprolme yields about 0 6 mole of 
formaldehyde 
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BUREITE FOR MICROTITRATION, VERNIER APPLICABLE 
'10 'rilE C VPILLARY jMICRO BURETTE 

Ih S\MULL NAILISON vno JOSEPH L ZUCKERMAN 

(/•roiii UiC Pcdiainc Utscarch Laboralonj, The Jewish Hospital of BrooUyn, 

Brool tyii, New York) 

(IRctived for publicalton, May 12, 1947) 

In hooking i suit vblo micio burette which might be used for analysis of 
Ichh thin 0 02 ml of uhole blood of infants for Ca, m accoidance ^vith 
the method of Solid cl al (I- 1), it was apparent that the usual Rehburg 
type could not be u^ed to measure volumes of acid small enough A search 
of the litcrituic re\o iled that there weie foui roam tjqies of capillary micro 
burette in use 

The most common type is the Rchbmg (5-13) in which the liquid is 
dnven forw ud bcfoic i mcrcuiy plunger The size of the capillary is lim- 
ited by the f ict th it in fine capillaries (diameteis less than 0 03 cm ) mei- 
cui> h Is i tendency to stick On ictuniing wnth the plungei, dioplets of 
incrcur} stick to the capill uy wall The liquid occasionally slides around 
tlio mercury ind gets behind it 

A second type which was examined is one in w’hich flow is staited when 
the capillary is dipped into the liciuid to be titiated and stopped on removal 
of the capillaiy into the air oi into a pool of mercury This type has been 
descnbeci by Schwaiz, Abel, Hcatlcy, Benedetti-Pichler, and others (14-19) 
This style is difficult to control at the end-point and the end-pomt is easily 
overrun 

In a third tjqie the liquid used is weighed by diffeience This method 
IS tedious and not applicable for loutine wwk (20-22) 

Recently Scholandei has revived mteiest in the micrometer type m which 
the plungei is calibrated and the movement of the plimger forward is meas- 
ured lather than the volume of liquid used (23-28) If a leak develops 
during a '-eiies of loutine determinations, large eirois may be intioduced 
without the knowdedge of the opeiatoi, foi the actual volume of the liquid 
IS not being measured It is therefore necessaiy to calibrate the mstrument 
at legulai intervals if it is to be used foi loutme work 

Up to the present writing these micro burettes have been developed for 
volumes of from 10 to 50 c mm 

The authors decided to revert to the Rehburg type and apply the simple 
principle that the volume of tw o cylinders is in proportion to the squares 
of their diameteis A buiette was developed m which the mercury would 
travel in a large capillary and the volume wmuld be measured m a smaller 
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capillary The general principle of this new tjrpe of burette is to carry out 
the titration as is normally done m the Rehbuig burette At the end of the 
titration, commumcation is made with a capillary side tube contaimng the 
titratmg hquid The liquid in the wider capillary is draivn back to the 
startmg mark This liquid comes from the side tube and is measured there 
This may be observed from Fig 1 

Appm ulus'- 

A IS a ground jomt which is attached to the mercury screw by means of 
de IQiotinsky cement The mercury ^s driven no higher than the 0 040 



Fig 1 Cross-sectional diagram of micro burette 
ml maik shown m Fig 1 5 is a ground glass joint, vhich is optional but 

which makes cleanmg easier and allows the removal of the vemiei so that 
the instrument may be used as an ordinary Rehburg burette u hen so de- 
sired This joint may be held together by de lOiotmsky cement oi by 
spring clips E IS a ground glass jomt held together by sprmg clips (not 
shotwi) for flexibility of the titratmg tip which is easily removed for cleaning 
The larger capillary has an mternal diameter of approximately 0 05 cm 
This gives a length of approximately 5 cm foi 10 c mm The narrower 
capillary has an mternal diameter of 0 026 cm (approximatebO and gives 

1 This instrument maj be purehased from the Emil Greiner Company, 161 Si\th 
Avenue, New York. 
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i t(i 20 ( in Un ll)( mni il"'’ Oiio c ipilUnj'’ wab chosen because 

it \s lb L\ iil.ibli' lb till niiuini Iti liilanp; btoik Fmei tubing could be se- 
Icctid il di -in (1 

In u tii tl pt It tiu liutlii n'lll vni ^ u' i ihbialed by weighing a measuied 
colitiiiii Ilf iiu‘iiui\ Ml ill! ( ipi!lii\ Till column is moved along to get 
the ( ililii iduiib It •'lilt ibli |U)iiilb ind tlio i ijnllaij' is then engine-divided 
1 lie m u kb on till wuli i ijiillm win lomplcte ciicles at inteivals of 0 005 
ml llie n iirow i iiiill u\ w ib i ihbi itid is bliown in Fig 1 In the fine 
cijiillin 0 1 I imii di\ i-iiiiib well iiipiovim itelj' 2 mm apait 

(' uid D lie btopiuik--, tlu-i iiuibi be ( iicfully giound to withstand 
rtdiKid pii'Mirc I 111 indiuuc btopcoilo. leak when undei a slight 
% iiiiiim 111 iiii'bUH V minimum unount ol ml-soluble giease should be 
u-id Siiuimcgii I'l ■'lioiild bi uoiilidbei uibi of the difficulty of cleaning 
the lUbliumi lU if U uitiib the i ipiU uy tubcb 

i'lie btiiimg lb III iimiihblied by i sticam of in filteied through ascante, 
is b/iown III 1 ig 2 In tlia phofogi iph the titiatmg tube and the end-point 
bt in<i 11(1 h i\i hii II publicd ibidc to show that the capillaiy dehveiing the 
iir lb below tin litidmgtip Fiii iii bubbles must hit the titiating tip or 
-enoub irioib ni ij lie mtioiluced, owing to lack of suitable mixing of the 
fluid dclncitd Ihi i ipilhuj delniung the an is thiust to the bottom 
of tlic tulii I out luiiiig the unknown ■=amplc 

Pyocedure 

CkauuKj and hlliiK , — llie absembly is cleaned by lunnmg sulfuiic acid- 
chrom itc cleaning solution thiough the instalment, allowing the instalment 
to bt iiid fill 1 lioiii lull of i leaning solution, and rinsing with distilled winter 
with tlic aid of suction The ippaiatus is diied m an oven at 100° Fil- 
tcied air is ,ubpu ited li om time to time thiough the appaiatus until it is diy 
The api) iiatub is ibsemblcd mil attached to the meicury sciew full of mei- 
cuiy m the usu d m innei The stop-cocks aie lightly gieased with petro- 
leum jelly Stop coik C is closed ind the meicury is diiven fonvaid until 
It leichcb the tip Ihe tip is dipped into the titiatmg solution and the 
meicuiy is diawii 1) ick until it leachcs the zeio maik m the wide capillaiy 
I'lom thib point on, the meicuiy is nevei diiven above the 0 040 mark 
Stop-cock D lb closed, C is opened, and the solution is diiven to the zero 
maik m the hue capillaiy Stop-cock C is then closed, D is opened, and 
moie solution is di iwn in until the meicuiy is at the zero maik m the wide 
capillaiy 

Trhafioii— The stiiimg is staited, stop-cock C is closed, and a leading 
IS taken m the naiiow capillaiy Stop-cock D is now opened and the solu- 
tion IS diiven foi waid until the mdicatoi coloi matches that in the standaid 
tube adjusted to the piopei end-point pH Stop-cock D is then closed and 
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stop-cock C IS opened The meicuiy is diawm back until the level in the 
wde capiUaiy has letumed to the oiiginal maik This fluid comes fiom 
the naiiow capillaiy Stop-cock C is now closed and a leachng is taken in 
the naiiow capiUaiy The second titiation v ith a new sample may be be- 
gun by opening stop-cock D and lepeating the pioceduie above The first 
zeadmg m the naiiou capillaiy uas taken at the end of the fiist titiation 



Fig 2 Photograph of titration assembly 


and only one leading need be made at the end of the titiation When 
moie than 0 005 ml has been used, stop-cock D is closed, stop-cock C 
IS opened, and the liquid is diiven to the next line m the laige capillaiy 
Stop-cock C is then closed and a leading is taken m the small capiUaij'’ as n 
the fimt point m the next titiation 

In this manner with a titiation \olume of about 3 c mm appioximately 
twelve titiations maj^ be peifoimed with one filling When the solution 
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li vs 'ippro vclinl tiu' 0 010 in irk m the large capillary, the tube may be re- 
filled is ix’fore 

If m filling the lube i ^in ill bubble of an has lodged behind the mercuiy 
111 (lie jiliiiigei, it will be noliiod that aftci a titiation, ivith stop-cock D 
rlo-ed, (he luiuid m (lit iiirrou tapilliiy will move downward for 1 or 2 
di\ i-uius wlw \\ C 1 -. opem d This pimp is a measure of the change in size 
of (he Imlilile when eNjio-od (o the water head as compared to the pull of 
the 11 irrow i ijnll This should be ignoicd, for the initial and final read- 
ings ‘-liould bo taken with the an bubble in cquihbiium with the liquid m 
the fine capillary ittachcd to the wider one Naturally, elimination of all 
ur buhlilcs IS to he preferred 


Table I 


ItesulU of Ten Consecutive Titrations 


Titration 

dcviatxoa 

Deviation irom mean 
of macroUtratioa* 

f mci 

c mm 

c mm 

2 87 

+0 032 

-0 005 

2 81 

-0 028 

-0 065 

2 SO 

-0 038 

-0 075 

2 87 

+0 032 

-0 005 

2 

-{-0 002 

! -0 035 

2 87 

+0 032 

-0 005 

2 81 

-0 028 

-0 065 

2 SO 

-0 038 

-0 075 

2 8-1 

+0 002 

1 -0 035 

2 87 

+0 032 

-0 005 

Mean 2 838 j 


-0 037 

Average deviation | 

±0 0264 



* Mean of macrotitration converted to c mm of acid necessary to titrate 1 ml 


of 0 003 N NajCO, = 2 875 c ram 


Results 

Table I is typical of the lesults ive have obtamed on a consecutive run 
of ten determinations The buiette ivas filled with an approvimately 1 N 
solution of sulfuiic acid This stiong acid was chosen so as to elimmate 
the end-pomt error that might be obtained with weaker acid 

The solution titrated ivas 1 ml of a standaid 0 003 n sodium carbonate 
solution The indicator was made by mixmg 5 parts of a 0 1 per cent solu- 
tion of biom-cresol gieen m 60 per cent alcohol ivith 1 part of a 0 02 pei 
Cent solution of methyl red in 60 per cent alcohol 
The acid W’as checked against the sodium carbonate m a macro burette 
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The macro burette mdicated that when the acid was diluted 1000 tunes 
2 875 ml (average of ten determmations, mean deviation ±1 7 parts per 
1000) vere equivalent to 1 ml of the sodium caibonate solution 

DISCUSSION 

The values obtamed mdicate that the reproducibihty with the mstrument 
IS satisfactory withm 1 5 per cent of the 3 c mm measured This is satis- 
factory for most biological mvestigations Hon evei , the mean value of the 
titration was lower than that obtamed from the mean of the macrotitration 
by 1 3 per cent 

Rieman (19) has suggested that an eiTor of this sort is due to the diffeience 
m the value obtamed when mercury is used foi cahbration rather than va- 
ter In effect he suggests that a significant error is mtroduced when one 
reads the top of the memscus of the concave mercury and the bottom of 
the meniscus for warter Thus a umt length of mercury would be less m 
olume than the same length of water m the capillary One would need 
less m the capiUarj’’ foi a titration than the maiks mdicate That this could 
not account for the variations observed can easily be calculated The vol- 
ume occupied by the n atei minus that occupied by the mercury can easily 
be shown to be tmce the diffeience between the volume of a cylmder (radius 
and height = the radius of the tube) and the volume of a hemisphere 
(radius = the radius of the tube) Thus the e\cess volume might be ex- 
pressed as 27r(r^ — fr’) = §7rr^ Since the radius of the capillaiy is 0 013 
cm , the excess volume is equal to 0 0046 c mm This v ould account for 
httle more than 10 per cent of the denation from the macrotitiation ac- 
tually observed 

A moie important source of deviation is the choice of end-pomt In the 
macrotitration the acid diluted 1000 times (0 001 n) was titrated against 
0 003 N sodium carbonate This w'as necessary to obtam reasonable titra- 
tion values In the microtitration 1 n acid was used The end-pomt was 
therefore much sharper m the microtitration and was noted sooner than 
m the macrotiti-ation 

The mstrument has all the advantages of the Rehburg type with these 
added advantages (1) Volumes less than 3 c mm may be easily measured 
(2) The height of the instrument is shortened If the mercury w ere driven 
mto the nairow capillar jq the capillary would have a height of 100 cm for 
a capacity equivalent to that of the mstrument The capillary height is 
one-fifth of that m this mstrument (3) Frequent filling is not necessary 
since the wader capillary acts as a reservoir (4) The mstrument is flexible 
for a wide range of titration volumes Titrations of more than 10 c mm 
may be earned out b> use of the venuei This volume could then be read 
to the smallest scale division m the veinier, measurmg 01c mm and esti- 
matmg to 0 01 c mm between marks. 
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bUMMAUA 

V inuro l)uutti! is di^niliLd foi titi.ition with volumcb smallei than 3 
tinin lln. buu'ttc is i nieicuiy plungei type in which the meicuiy 
truols in (he widir t ii)illii> hut me isiiiemcnt of liquid volume is made 
in the n irrowei (ipillii\ In louline titrations icpioducibihty within 
0 5 per (tilt is u idiK itt lined when the titintion is with 3 c mm 
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FUNCnOX OF PYRIDOX.VL PII03PPI VTE RESOLUTION AND 
PURIFICVIION OF THE TRYPTOPILVNASE ENZYME 
OF ESCIIERICHLV COLI 

Ih W A WOOD,* I C GUNSALUS, and W W UMBREIT 

(from the [ aboraloru of Uactcriologij, College of Agricullure, Cornell University, 

Ithaca) 

(Received for publication, June 2, 1947) 

biiKo IIopkiiiN and Cole (1) demonstrated the formation of mdole from 
trjptoplnn bj Badcrium coh, numerous investigators have attempted to 
find the mecli iniNm of this re iction (2-5) At least three mechanisms have 
been ''Uggcatcd Woods (3) postulated an oxidatn e degradation of trypto- 
ph in to jield indole, c irboii dioxide, watci, and ammonia, 5 atoms of 
oNigen being used in the process Baker and Happold (6) suggested a 
priimiri fi'-iion into indole and alanine, followed by the oxidation of alanine 
Krebs cl al (7) proposed that the mechanism in\ oh ed a preliminary oxida- 
tion of the indole ring, followed bj oxidation of the side chain to jield 
0 aminophenj lacctaldch 3 'de, which condensed to mdole spontaneously 
The data, however, did not substantiate this view and ICrebs was led to 
state that, while Escherichia coh would form indole from o-amino-/3-phenyl- 
ethanol, via the analogous aldehj'de, the mechanism of trjTitophanase ac- 
tion verv' probably' did not invmlve this compound as an intermediate 

Woods (3) and Bakei and Happold (6) studied a series of possible 
oxidative intennediates between tryptophan and mdole, and concluded 
that an unaltered alanine side chain was necessary for tr^Titophanase 
action More recently, Dawson (8) found that mepaerme (atabrme) 
inhibits tryptophanase, and Dawes, Dawson, and Happold (9) have been 
able to recover alanine concurrentlj with indole formation in the presence 
of mepaerme They have thus strengthened Baker and Happold’s postu- 
late of primary’’ fission to mdole and alamne 

In the present study, Eschenchta coh cells with a very active trypto- 
phanase system have been obtained by growmg the culture with aeration 
The cells have been v'acuum- or acetone-dried to yield ceU preparations 
which contain most of the activity present m the living cells The enz 3 me 
IS stable m these preparations and may be obtamed in a cell-free state by 
autolysis The resolution and purification of the enzyme have been 
accomplished by precipitation of the cell-fiee extracts wnth ammomum 
sulfate and by calcium phosphate adsorption Pyndoxal phosphate will 
reactivate the resolved enzyme, thereby addmg tryptophanase to the 
^•oup of vitamin B« enzymes 

* Nutrition Foundation Fellow 
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FUNCTION OF PYRIDOXAL PHOSPHATE 


The pioducts of the action of these purified preparations, as well as of 
the dried cell prepaiations, are indole, pyruvate, and ammonia, in an 
equimolar latio 

The puiified tiyptophanase enzj'^me does not deaminate alanine or 
serine, thus neithei of these is an intermediate in the tryptophanase re- 
action 


Methods 

Culture — The Crookes strain of Eschenchza coh fiom the departmental 
collection was used With this culture a veiy active tiyptophanase 
enzyme was obtained by gioivth m a medium composed of 1 pei cent 
tiyptone, 1 per cent yeast extract, 0 5 pei cent K2HPO4, and 0 1 per cent 
glucose The medium was dispensed m 200 ml amounts in 500 ml 
Erlenmeyei flasks, inoculated, incubated 4 to 6 hours at 30°, then placed 
in a mechanical shaker (approximately a hundred 3 inch sti okes pei minute) 
and incubated foi an additional 18 to 20 hours The cells were hai vested 
Avith a Shaiples centrifuge The cell paste from 6 hteis of medium was 
washed with 250 ml of watei, centrifuged, lesuspended in 15 to 20 ml 
of distilled water, and diied ^n vacuo over driente to yield about 10 gm 
of dried cells Acetone-diied cells were prepared by pipettmg the washed 
cell suspensions into 10 volumes of ice-cold acetone The cells veie 
collected on a Buchner funnel and washed with ether Both the vacuum- 
dried and acetone-dried prepaiations contamed two-thiids or moie of the 
tiyptophanase activity present m the living cells, the enzyme being stable 
m the dried state 

Tryptophanase Determination — Tiyptophanase actmty was detei mined 
by measuring indole foimation The usual assay was peifoimed in 2 ml 
volume contaimng the follow mg 0 2 ml of 1 m phosphate buffei , pH 
8 3, 20 7 of banum pyridoxal phosphate, 50 to 500 7 of the cell piepaiations 
described above, 2 mg of n-tiyptophan The enzyme, buffer, and co- 
enzyme wmre incubated at 37° m a volume of 1 8 ml foi 10 minutes The 
substiate (0 2 ml ) was added, the reaction allowed to proceed 10 minutes, 
and then stopped mth 0 2 ml of 100 per cent trichloroacetic acid The 
mdole was extracted by shaking ivith 2 ml of toluene, and a portion of the 
toluene layer was lemoved for analysis 

Analytical Methods — Indole was detennined by Eihhch’s method, 
modified as foUow's Fiom 0 2 to 1 ml of toluene layer, depending on the 
level of mdole expected, w as pipetted into a colorimeter tube and 1 ml of 
5 per cent p-dimethylaminobenzaldehyde in ethyl alcohol was added 
The tubes weie filled to the 10 ml line wuth an acid alcohol solution (1 liter 
of ethyl alcohol plus 80 ml of concentiated sulfuric acid), allowed to 
stand 10 mmutes, and read m an Evelyn coloiimeter, -with the No 540 
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filter Wit It tlir^ mctliod, indole c in bo dctcimmed over a range of 1 to 15 
~t , the inetliod in i\ he u'-cd to 20 y without great deflection from linearity 

P’lntiah — Foi ino'it dotcrmin itions, the diicct method of Friedemann 
lud ILuigen (10) nith 2, l-diiiitrophcnidhydi izine nas used The iden- 
titj of the p3 ru\ ite w is ost iblishcd by the toluene extraction method, the 
quintiLitue d it i igrcoiiig with the diiect method 

\vim<)ma — Vmmoiii i w is determined by nesslerization after distillation 
from 1 Prcgl still (11) The reaction mixture w'as deproteimzed with 
tnchloroicetic uid, ncuti ilized to nearly pH 7, and pipetted into the still 
2 ml of I bor ite buficr (12) weic added and the sample steam-distilled for 
5 minutes, ibout G ml of distill ite being collected The distillate was 
nesslerizcd idding 2 ml of Johnson’s leagent (13) and 1 ml of 6 n 
ilk ill, and then diluted to 10 ml Aftci 10 minutes the coloi w^as lead 
in the lAelj’ii coloimicter with the No 190 filtei 

Rcsulli, 

With the dried cell piep nations, it was found that the quantity of 
indole formed was inopoitional to the cell concentiation only at the lower 
le\cls (Fig 1) The lick of pi oportionahty of indole pioduction at the 
higher cell conccntritioiis was latoi shown to be due to the mlubitory effect 
of indole, is pieviousl}'’ described by Fildes (2) The enzyme could be 
Assajed reasonabli' well, howciei, over a range of cell concentiations from 
oO to 300 7, eciuivalent to 1 5 to 12 7 of indole formed in a 10 minute 
incubation jicriod Ah shown in Fig 2, the late of indole production by a 
giieii cell concentiation also dccieased with time Inasmuch as the cell 
prepai itions weic sufficiently actice to give accurate analytical values 
within i 10 minute peiiod, thcie was no need foi a longei incubation time 

The dried preparations did not show an oxygen uptake iiith trypto- 
phan, and so no eftoit was made to lun the expeiiments anaerobically 
An attempt to determine the pioducts of tryptophanase action showed 
that pyruvate w'as foimed in approximately equimolai ratio to the mdole 
formed The preparations contained seiine and alanine deaminases, 
whicli also foimed pyruvate, thus one of these might be an intermediate 
in the ti yptophanase leaction The alanine would be considered as a 
possible mteimediate in view of the work of Dawes, Dawson, and Happold 
(9), and seiine might be considered in view of the foi matron of trypto- 
phan from seiine and indole by the Newospoia enzyme (14, 15) In order 
to determine ivhethei either of these was an intermediate m the reaction, 
'conditions were sought in wdiich the tryptophanase was active whereas 
the deaminases weie not 

In View of the function of pyiidoxal phosphate as the coenzyme of 
tryptophan synthesis with the Neurospora enzyme (15), the possibility of 
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FUNCTIO\ OF PTHIDOXAL PHOSPHATE 


its function in the tiyptophanase reaction was obvious Attempts to 
demonstiate the action of pyiido\al phosphate vith the dried preparations 
resulted in approximately 50 per cent stimulation of the late of indole 
formation Thus, even in the diied preparations, the enzyme system 
which forms indole fiom tryptophan was partially resolved and could be 
activated by pyridoxal phosphate as the coenz 3 me 



r dried cells per 2 ML 



10 20 30 

TIME IN MINUTES 


Fro 1 Fig 2 

Fig 1 Tryptophanaae activity of dried cell preparation 2 ml reaction volume 
containing 0 2 ml of 1 m phosphate buffer, pH 8 3, 20 y of pyridoxal phosphate 
(barium salt), dried cells as indicated, water to 1 8 , let stand 10 minutes at 37 , 

add 0 2 ml (2 mg ) of L-tryptophan, incubate 10 nunutes at 37° 

Fig 2 Tryptophanase activity and incubation time Conditions are the same 
as in Fig 1 


Enzyme Punficahon and Resolution 

10 gm of an acetone-dued piepaiation were evenly suspended m 500 
ml of water m a Floience flask and placed in a cold room overnight and 
allowed to freeze The next morning the flask w'as removed from the 
cold room and placed in a 37° water bath, where thawmg and autolysis 
w'ere allowed to pioceed for 2 hours The cell d6bns was removed by 
centrifugation and the supernatant treated at room temperature, ivith an 
equal quantity of saturated ammonium sulfate neutralized to a pH of about^ 
8 5 Upon standing m the refrigerator for a short time, the precipitate / 
flocculated and was removed by centrifugation The supernatant w^ 
saturated with solid ammomum sulfate and 7 ml of 0 01 sodium cyani e 
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iddecl (fin d concentrUion 0 0001 m) TIic solution was allowed to stand 
in the rcfrigcritor until the piccipitatc flocculated, and was then centri- 
fuged 'I he prcLipit ite w is suspended in 270 ml of watei and the in- 
soluble inittcr iemo\ed by c cnti ifugation The supernatant solution 
w IS igiin tro ited with uninoiuum sulfate to 55 pei cent saturation and the 
smdl (luaiitity of piccipitite which formed was discaided The enzyme 
w is then piecipit ited by ulding ammonium sulfate to 68 per cent satura- 
tion and the prccipit ite icmo\ed by centrifugation This precipitate, 
which cont lined ibout 10 pei cent of the enzyme originally piesent 
m the cells, was suspended in 50 ml of watci Pilot c\penments w'ere 
performed to determine the concentiation of calcium phosphate gel 
nccess.ir> just to idsoib the enzyme, and the indicated amount was added 
with mi\mg ind illowcd to st ind 10 minutes The phosphate gel w'as 


Tadcl I 

Pyruiatc I ormatwn by Cell Preparation and by Purified Enzyme 
Tlio conditions arc tho aamc aa in Fig 1 


Substrate 

Pyruvate formed 

0 5 mg cell 
preparation 

0 05 mj cell iree 
eoayme 

►L-Tryptophan 


y 

42 5t 

“ without coenzyme 

12 

0 

DC Alamnc 

1 0 

0 3 

DC Senno 

8 1 

0 

L Senno* 

5 0 

0 1 


* We wish to thank Dr J S Fruton for a supply of l serine 
t 60 y of indole formed, without coonzyme no indole formed 


collected by centi ifugation and w'ashed with five 250 ml portions of dis- 
tilled watei, aftei which the enzyme w'as eluted from the gel with 50 
ml of 1 M phosphate buffci, pH 6 0 Ihe enzyme at this stage of pui- 
ification was completely lesolved and fiee fiom seiine and alamne 
deaminases (see Table I) 

Charadensltci of Tryplophanase 

The influence of tiyptophan concentiation on the reaction rate is shown 
in Fig 3 With the cell-free enzyme, the half maxunum rate is obtamed 
r^Vlth 35 7 of tryptophan per ml (Michaelis constant (16), = 2 5 X 

10-5 mole per liter) With the dried cells, a somewhat higher substrate 
concentration is requned, the rate of indole formation droppmg sharply 
below 200 7 of tryptophan per ml 
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PUNCfTION OP PYRIDOXAL PHOSPHATE 


The coenzyme saturation curve for tryptophanase is shown in Fig 4, 
the half saturation concentiation of baiium pyiidoxal phosphate being 
0 9 7 per mi (Michaelis constant, JC = 2 1 X IOt"® mole per litei) Thus 
the dissociation constant of the pyndoxal phosphate-tiyptophanase com-- 
ple\ approximates that of the glutamic-aspartic transannnase,^ K ~ 15 X 



50 too 150 zoo 250 300 500 

y 1 - TftVPTOPHANE PER ML 

Fig 3 Substrate saturation curve for tryptophanase Conditions are the same 
as m Fig 1, 0 03 ml of purified enzyme 



Fig 4 Coenzyme saturation curve for tryptophanase Conditions are the same 
as in Fig l,0 03mt of purified enzyme 

lCr«, but higher than that of the tyrosine decaiboxylase,® A' - 1 5 X 10 * 
mole per htei Both the tryptophanase and the transaminase reactions 
are inm at neutral reaction, but the tyrosine decaiboxylase is run at an^ 
acid pH 

I O'Kane, D E , and Gunsalua, L C , J Biol Chem , in press 
» Gunsalus, I C , and Umbreit, W W , unpublished data 
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Fia 5 Iiiflucncu of jiroducta upon tryptophanaso activity Conditions are the 
same as in 1 ig 1 0 OJ ml of purified enzyme, indole pyruvate and ammoma, added 

in the quantities indicated, before the enzyme is added 

TABLb II 

/n/iihition of Tryptophanasc by NaCN 

Conditions arc the same is in Fig 1,0 03 ml of purified enzyme, cyamde added 
after ciizi mo and coenzyme 


Conccalralion of oanide 

Indole formed 

Per cent mhibiUon 

M 

10- 

^ 0% 

100 

io-> 

1 0 

95 

io-‘ 

5 2 

70 

10-» 

11 6 

35 

10-« 

17 5 

0 

0 

17 6 



Tadlb III 

Products of Tryptophanaso Reaction. 

Conditions 7 ml , reaction volume, 0 7 ml of 1 m phosphate buffer, pH 8 3, 
70 y of pyridoxal phosphate (barium salt), 0 3 ml of purified enzyme Water to 
0 3 ml , let stand 10 minutes, 37°, 0 7 ml (7 mg ) of n tryptophan added and in 
cubated 10 minutes 


Experiment No 

Micromoles of products formed 

Indole 

Pyruvate 

Ammonia 

2057 

0 92 

0 99 

0 13 

2101 

1 37 1 

1 09 

1 12 

2102 

1 44 

1 33 

1 34 

2103 

1 02 

1 07 

1 03 

2103a 

0 82 

1 25 

1 28 

Molar ratio (average) 

1 00 

1 05 

1 05 
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FtJUCTION OF PYRIDOXAL PHOSPHATE 


Tryptophanase is sensitu e to indole accumulation, as indicated by the 
cell pieparations, Figs 1 and 2, and as shomi nith the cell-fiee enzyme, 
Fig 5 The piesence of pymvate plus ammoma has a slight influence 
The enzyme is sensitive to cyanide (Table II) This sensitivity, hoii- 
evei, may not indicate an non catalyst but a leaction between cyanide 
and the free caibonyl group of pyiidoxal phosphate A similar sensitivity 
of pyridoxal phosphate-containmg enzymes to cyanide is mentioned by 
Blaschko (17) and by Gale (18) foi the animal and bactenal decaiboxylases 
respectively 


Products of Ti yplophanase Reaction 

The tryptophanase leaction, as catalyzed by the diied cell preparations 
and by the partially pmified enzjnne, can be expiessed by the foUomng 
equation tryptophan-A mdole + pyravic acid + ammonia Analyses 
of the pioducts fomied in several experiments mth the purified enzyme 
are shorni m Table III 


DISCUSSION 

From the data presented, it is apparent that the tryptophanase system of 
Escherichia coli is not the leVersal of the mdole and serine condensation 
which leads to tryptophan mth the Neurospoia enzyme With purified 
tryptophanase the products are indole, pynivate, and ammonia SermS- 
and alanine do not yield pyruvate, and are not, as such, intermediates m 
the reaction The intermediates postulated by various investigators 
(3, 5, 7), wth the possible exception of ammo acrylic acid (12), do not 
appear to be involved 


suauuARY 

Tryptophanase has been obtained in a ceU-free state from EscherichO' 
coll and has been partially purified 

The enzyme has been resolved and shown to lequire pyridoxal phosphate 
as the coenzyme 

The enzyme pieparation catalyzes the bieakdoivn of tryptophan ac- 
cording to the foUoiving reaction tiyptophan— indole -h pyinvic acid -b 
ammoma No oxidation occurs m the process, noi does alamne or serine 
occur as an intermediate 
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PTEllOYL \SP VRTIC ACID, AN ANTAGONIST FOR 
PTEROYLGLUTAIMIC ACID 

D L IIUICIIINGS, J ir MOWAT, J J OLESON, E L R STOKSTAD, 
J II EOOIIID, C \V WALLER, R B ANGIER, J SEMB, 

AND y SUBBiiROW 

(Fro7ii the Lcdcrlc Laboratories Division, American Cyanamid Company, 

Pearl River, N'ew York) 

(Received for publieation, Juno 7, 1947) 

Ptcroylasp xi tie xckI, N- [4- { [(2-amino-4-hydro\y-6-ptendyl)niethyl ]- 
.immojbunzoyljaspartic acid, has been found to be an antagonist of 
pteroylglut imic itid iixd ccitain of its derivatives for seveial species The 
present toniinunication reports the preparation of the compound and sum- 
niarizcti the experiments demonstiating its antipteroylglutaimc acid 
activitj' 


EVPERIMENTAIi 

Preparation of Pleioylaspartic Acid Aspartic Acid — A mixture of Bacto- 

asparagiiio (250 gni ), water (740 ml ), and concentrated hydrochlonc acid 
(270 ml ) w is refluxed foi 3 hours, and then cooled to 30° To this solu- 
tion weie added 112 ml of 28 per cent ammonium hydroxide solution with 
good stilling The precipitate of aspartic acid was collected and recrystal- 
lized from 3800 ml of water Yield, 169 gm 
p-Nilrohcnzoijlaspartic Acid — ^To a well stiiied soution of aspartic acid 
(80 gm ) and sodium hydroxide (60 gm ) in 600 ml of water were added 140 
gm of 7 >nitrobenzoyl cliloride and GOO ml of 2 n sodium hydi oxide solution 
during about 45 minutes The temperature of the reaction mixtuie was 
not allow^ed to rise above 35° After bemg stirred foi 1 horn the solution 
was acidifled wutli 164 ml of concentrated hydiochloric acid The precipi- 
tate of p-nitiobenzoic acid (48 gm ) was separated by filtiation, and the 
filtrate (1700 ml ) was adjusted to pH 1 5, seeded, and chilled for several 
hours The ciystalhne product was collected, washed with water, and 
dried Weight 110 gm , mp 145-147° 

[a] ” = +26 3° (2% solution in 1 N sodium hydroxide) 

p-Aminohcnzoylasparlic Acid — A mixture of p-nitiobenzoylaspartic acid 
(100 gm ), glacial acetic acid (700 ml ), water (300 ml ), and platinum oxide 
'catalyst (1 5 gm ) w^as heated to 45° and shaken wath hydrogen at atmos- 
1 phene pressure until the theoretical amount of hydrogen had been absorbed 
The catalyst was lemoved by filtiation and the filtrate evaporated nearly to 
dryness in vacuo The lesidue w'as then suspended in glacial acetic acid, 
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PTDROYIASPARTIC ACID 


collected, and washed with acetic acid, acetone, and ethei The aii-diied 
product weighed 71 gm This crude product was extracted with 500 ml 
of bodmg acetone and then collected on the filtei and washed ivith acetone, 
ether, and petioleum ethei Yield, 45 gm , m p 171-173° The acetone 
extraction lesulted in considerable loss and is piobably unnecessary 

[aJc = —10 7“ (2% solution in 1 n hydrochloric acid) 

A sample was lecrystalhzed from glacial acetic acid for analysis 

CiiHijOsNj Calculated C 52 35, H 4 76, N 11 11 
Found “ 52 11, “ 5 29, “ 11 04 

Ptewylasparhc Acid — solution of 2,4,5-tnammo-6-hydro\ypyrimi- 
dine dihydiochloiide^ (68 5 gm ) and p-aminobenzoylaspartic acid (40 gm ) 
in 4 liters of watei ivas adjusted to pH 4 0 by the addition of sodium hy- 
droxide solution Then with good stining, a solution of 2,3-chbiomopro- 
pionaldehyde (69 gm ) in 1500 ml of ethanol ivas added dm mg about 2 
hours The pH was maintained at 4 0 by the addition of sodium hydroxide 
solution After the addition of the dibromopiopionaldehyde, the solution 
was stiried foi an additional 45 minutes and the precipitate was then col- 
lected on the filtei, washed mth water, alcohol, acetone, and ethei, and 
dried Weight, 71 gm 

Chemical assay (2) of the product was 19 2 per cent Yield, 13 65 gm ' 
of pteroylaspartic acid 

Pwificahon of Pleroylasparhc Acid Precipitalion of Impunites with 
Baiium-Ethanol — 71 gm of the crude pteioylaspartic acid were dissolved 
in 50 liters of 0 2 n sodium hydroxide solution Baiium chloride was added 
to 0 2 N and ethanol to a concentration of 2 per cent Filter -Cel was added 
and the solution clai ified The excess barium was removed from the filtrate 
by the addition of sulfuric acid and the precipitated barium sulfate removed 
by filtration Theie were 9 068 gm of pteroylaspartic acid by chemical 
assay in the filtrate 

Precipitation at pH 3 0 — ^The solution was neutralized to pH 7 0 and 
concentrated under nitiogen to 20 liters The precipitate that foimed was 
removed by filtiation and discarded The solution was adjusted to pH 3 0, 
thoroughly chilled, and collected with the aid of Filter-Cel The precipitate 
was extiacted with 12 hteis of 0 2 N sodium hydroxide solution Yield, 

5 92 gm by chemical assay 

Treatment mth Charcoal — The alkaline extract was stirred with 7 gm , 
of nont A® for 15 mmutes and the norit A removed by filtration The 

1 2, 4, 5-Trianiiao-6-hydroxjrpyrimidine (1) was dissolved in dilute hydrochloric 
acid ^d crystallized by the addition of concentrated hydrochloric acid to 6 N 

2 Activated charcoal, Pfanstiehl Chemical Company, Waukegan, Illinois 
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filtntc u IS uijustod to i)il 3 0, chilled thoioiighlj’-, and the piecipitate col- 
lected on i bh II pics centufiige 

Itwniuliou of Mai/nibiuin Sail — The piecipitate was suspended m 1 htei 
of \\ Ucr Hul vNcc-s nngnesmm oxide added The solution was heated to 
05 for loniinutis ind liltcicd The hot solution was tieated with nont A 
until the browiiish jiignicnts wcic ieino\ ed The light yellow solution was 
iliillcd iiid the needles of niagnesiuni pteiojlasp iitate were collected and 
dried 'i leld, 1 133 gni 

CiiIIi,N,OjAIg, j 11,0 Calculated C 45 14, H 3 34, N 20 4S, Mg 7 62 
Pound “ 44 D3, “ 3 SO, “ 20 30, “ 7 66 

The compound is nuitc stable as the magnesium salt Attempts to 
crystallize the fiee aeid out of Jiot watei pieviously adjusted to pH 3 0 
caused the ( onijiound to bi cak dow n pai tially into pteroic acid and aspaitic 
acid 

Backnal Iithtbilwn — Ihe antipteioydglutanuc acid activity of pteroylas- 
parlic acid was determined with Lactobacillus casii and Slieplococcusfaecahs 
R S faccaUs R w is giowm on the medium of Tepley and Elvehjem (3) 
For the cxjicrimonts with L casci, danme and aspaiagine weie omitted from 
the medium The incubation times for L casei and S faecahs R were 16 
and 72 hours, respectively, at 32-33° 

The inhibition index is defined as the latio ol the amoimt of inhibitor to 
metabolite that will pioduee lialf maximum mhibition The general pro- 
cedure IS to idd a given amount of the metabolite to a set of tubes and to 
add varying amounts of the mhibitoi inhibition cune is plotted and 
from this tlic point of half maximum inhibition is obtained 

Ab an example of an organism that does not lequire pieformed pteioyl- 
glutamic acid, Escherichia coh was used The bacterium was grown on a 
medium containing 0 5 per cent peptone, 0 3 pei cent beef extract, and 0 1 
per cent dextrose 

ChicL and Ral Expei imenis — Foi the mhibition studies with the chick, 
day-old New blampshiie red chicks were placed on the basal diet of Hutch- 
ings el al (4) All pieparations of the metabolite and mhibitoi were in- 
jected intramusculaily daily Foi maximum stability of the mhibitor, the 
magnesium salt wns dissolved by gentle heating in water contaimng a small 
amount of sodium bicaibonate After coolmg to room tempeiature, the 
compound was injected immediately . 

In the lat expeiiments the basal diet of Spicer el al (5) was used The 
effect of the inhibitor was also studied on the above diet supplemented with 
0 5 per cent cai boxysulfathiazole The general proceduie w'as to place 
21 day-old rats on the diets and inject mtramusculaily varymg amounts of 
the inhibitor daily Gl 0 ^vth and complete blood counts were followed 
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the inhibitor caused a maiked decrease in the groi^dh rate, and the hemo- 
globin level was decreased to a value appioachmg that foi the basal diet 
It IS apparent that the inhibitoi antagonizes the grovdh effects of pteroyl- 
glutamic acid in a ratio of 500 1 by weight 
Rai — ^The addition of the inhibitoi in amounts up to 1 5 mg. per day pei 
rat caused no sigmficant decrease in the gioivth rate oi the appearance of 
any s 3 Tnptoms chaiacteristic of a pteroylglutamic acid deficiency on either 
of the diets used 


DISCUSSION 

From the foregomg experiments it is apparent that pteroylaspartic acid 
IS an effective mhibitor m the utilization of pteroylglutamic acid for grmvth 
by Lactobacillus casei, Sii eptococcus faecahs R, and the chick With Strep- 
tococcus faecahs R the compound was more effective as an inhibitoi of the 
utilization of pteroic acid and the pteroyldighitamic and pteroyltnglutamic 
acids These latter compounds were not tested with Lactobacillus casei oi 
the chick 

The inhibitor was not effective m mterfermg wath the metabolism involv- 
ing pteroylglutamic acid oi derivatives in Escherichia coll In the lat the 
inhibitor was not effective in mterfermg -with the utilization of pteroylglu- 
tamic acid 


SUMMARY 

Pteroylaspaitic acid was synthesized fiom p-ammobenzoylaspartic acid, 
2,3-dibromopropionaldehyde, and 2,4,5-triammo-6-hydro\ypyrimidiiie 
The compound is an antagonist for pteioylglutamic acid ivith Lactobacillus 
casei and the chick AVith Streptococcus faecahs R the mhibitor effectively 
prevents the utilization of pteroic acid, pteroylglutamic acid, pteroyl-7 
glutamylglutamic acid, and pteroyl-y-glutamyl-y-glutamylglutamic acid 
In all mstances the mhibition is of a competitive nature 

AVe are especially indebted to Miss E Boggiano for the many microbio- 
logical assays, to Miss H Rittei foi the hemoglobin determmations, and to 
hlr L Brancone and coworkers for the microanalyses 
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A FUNCTION FOR BIOTIN 


HERMAN C LICHSTEIN* and W. W UMBREIT 
(From the Laboratory of Bacteriology, Cornell University, Ithaca) 

(Received for publication, June 9, 1947) 

During istuclicb on the metabolism of aspaitic acid m. Escherichia coli 
it became e\ idcnt tliat cells harvested from a complex medium rapidly lost 
activity and that the lost ictivity could be lestored by the addition of a 
nuxUire of tlie knoan membci's of the vitamin B complex By lestncting 
the conditions of meisiuomcnt the active agent among these vitamins 
pro\ed to be biotin, and by separating the vanous leactions concerned 
in the complex the biotm w as shown to function in oxalacetate decarboxyla- 
tion Houeici, some of the evidence available indicates that the natural 
substrate foi this cnzjnic is not oxalacetic acid as such but a material 
rcscmbhng it, peihaps a phosphoij'lated oxalacetate This study lepre- 
bcnts an unusual mode of obtaimng a vitamin deficiency and reveals an 
unexpected property of biotin 

That theie existed a lolationship between biotin and aspartic acid was 
shown by Kosci, Wright, and Doifman (1) and Stokes, Larsen, and 
GunnCbS (2) The lattei w oikeis investigated seveial of the reactions con- 
cerned m the metabolism of aspaitic acid and found that biotm w'as not 
concoincd with tiansamination A suggestion that biotm was concerned 
with the foimation of oxalacetate was repoited, since oxalacetic acid par- 
tially leplaced the biotm lequiiement for some oigamsms m an aspartic- 
deficient medium Winzlei, Bulk, and du Vigneaud (3) found that 
biotin-dcficicnt yeast cells wcic maikedly stimulated by biotin to take up 
ammonia 


Methods 

The cultuie used was a stiain of Eschei'ichia coh obtained originally from 
Giatia m Belgium and carried in the laboratories of Professoi P F Clark, 
to whom we aie indebted for a tiansplant It ivas giown for 16 to 18 
hours in 1 per cent pepticase, 1 pei cent yeast extiact, 0 5 per cent K2HPO4, 
and 0 3 to 0 6 pei cent glucose, at 27° The cells were harvested by centri- 
fugation, washed once with watei or saline, and suspended in ai phosphate 
at pH 4 (0 5 to 1 mg of N per ml ) Such suspensions wull hberate carbon 
dioxide from added aspaitic, fumaric, or malic acid under anaerobic con- 

* Fellow of the National Research Council, Division of Medical Sciences Pres* 
ent address. Department of Bacteriology, University of Tennessee, Knoxville, Ten 
nessee 
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ditions in the presence of 0 01 to 0 02 m semicarbazide, which prevents the 
reaction fiom proceeding beyond the pyruvate stage Active cell suspen- 
sions aie maintained for several hours upon lefngeiation but, when mcu- 
bated at 37° for from 15 to 60 minutes (the tune requiied vanes somewhat- 
from suspension to suspension), such cells manifest markedly decreased 
rates of carbon dioxide evolution upon the addition of aspartic, fumanc, 
01 mahc acid Deficient cells are therefore obtained by exposmg them at 
pH 4 m M phosphate to 37° foi a relatively short penod Conventional 
Waibuig techmques (4) were used throughout, and all measurements 
were made at 37° The biotin used was the free form Ammoma was 
measured, as previously descnbed (4), after centnfugation to remove 
the cells Succmate was measured with succinoxidase (4) Pjonvate 
was measured after destroying the senucarbazide by heating ivith nitrous 
acid To the sample (0 1 to 0 5 ml in 1 per cent H 2 SO 4 ) i\ as added 0 5 ml 
of 1 per cent KlSr 02 , and the mixture heated m a steam bath for 30 minutes 
Then 0 1 ml of 10 per cent urea was added (to destroy any mtrite remain- 
ing) and allowed to react for 10 minutes, and 0 1 ml of 100 per cent trichlo- 
loacetic acid and 0 5 ml of fiesh 2,4-dmitrophenylhydrazine reagent of 
Fnedemann and Haugen (5) were added and the nuxture allowed to react 
for 5 minutes 3 ml of toluene were then added, chspei’sed through the 
mixture by shaking, and the layers allowed to separate 2 ml of the 
toluene (upper) layer were removed to a colonmeter tube and 3 ml of _ 
1 5 per cent KOH m 95 pei cent alcohol were added, and after 10 mmutes 
the color was read in an Eveljm photoelectric colonmeter iinth a No 515 
filter The range of this method is from 0 to 30 7 of pyruvate 

Reaction 

The degradation of aspartic acid m this orgamsm may be represented 
bj’’ the accompanying series of reactions 

(1) 2 aspartic acid 

2 ammoma 
4 - 

2 fumanc acid 

Hj * 

(hydrogenase) 


( 6 ) 


->■ malic acid 
2H 


(c) 


oxalacetic acid 


(d) 


CO^ 

+ 


Pyruvic acid ^ 
(trapped by 

semicarbazide) 


Succinic acid 
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Ihis fccriLS of icictioiifa opeiatcs at pH 4 and, except \shen othermse 
stated, the ‘studies weie in ide at this pll This is of some advantage in 
that (he low jiII '-lows down tlie fuithei breakdown of pyunate, thus 
minimiring certain complications of measuicment In oidei to demon- 
strate celt nil steps in the leaction chain, it was sometimes convement to 
work at a higher pll 

ihe o\c‘r- ill re iction, which may not always lun to completion, produces 
2 ammonia, 1 succin ite, 'ind 1 pynivatc pei caibon dioxide pioduced from 
aspirtic acid ind a snnilai balance of products, with the exception of am- 
monia fiom inalxte These icsults aie incoipoiated in equation (1) and 
evidence for the intermedi ite steps aie given below 

Ihc ispntic deaminases (b) (reaction (n)) aie normally operative at a 
slightly alk dine pH, with this oigamsm deamination was almost as lapid 
at pH i IS at pH 0 01 8 At pH 4 undei anaeiobic conditions the produc- 
tion of ammonia was 2 moles pei mole of caibon dioxide, as required by 
ciiiiatioii (1) Eiidcnce that the piodiict of deamination w^as fumanc acid 
was obtained bj the use of a \acuum-diied piepaiation in which reaction 
(c) was climin ited and icaction (6) (fumaiase) was weak These piepaia- 
tions contained in active hychogenase which would leduce fumarate wath 
molcculai hydrogen IMeasuicments of hydrogen uptake ivould thus 
rcadil> distinguish between malic and fumanc acids At pH 5, 03 m 
phosphate, 10 mg of preparation, with KOH in the centei ivell, 224 
microhters of substiate, ind an atmosphere of H 2 , the rate of hydrogen 
uptake was L-aspaitic acid Qh, —24, fumanc acid —24, Z-mahe acid —6 
Living cells, in contrast to \acuum-dried preparations, contain an active 
fumarase (icaction (6)), since malate is as lapidly 1 educed by molecular 
hydrogen as is fumarate At pH 5, 0 3 m phosphate, 4 mg of cell mtrogen, 
KOH in center well, 224 miciohteis of substiate in an atmosphere of H 2 , 
the rate of hydiogen uptake w'as L-aspaitic acid Qm (N) —300, fumanc 
acid —264, /-malic acid —246 (total hydrogen uptake 229 7, 216 1, and 
227 6 microhters lespectively) Further, the rate of carbon dioxide 
evolution is the same, whether one adds aspartic 01 malic acid (the rates 
with fumaiate being somew'hat variable because of a permeabihty effect) 

Malic dehydrogenase (icaction (c)) was readily demonstiated at pH 7 3 
by the reduction of methylene blue in the presence of cyanide essentially as 
described by Gieen and AVilhamson (7) Other methods of demonstrating 
this enzyme at pH 4 are apparent in the data to be presented A heat- 
labile oxalacetate decaiboxylase (reaction (d)) ivas demonstiated, as wall 
also be evident m subsequent data 

EXPERIMENTAL 

Wien cells obtained as previously described were held m m/3 phosphate 
buffer , pH 4, at 37° for intervals of 45 to 60 minutes, the rate of carbon di- 
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oxide production from added aspaitic acid was markedly decreased This 
diminished activity could be lestored by the addition of a mixture of 
vitamins, and the important agent in this mixture, as is seen in Table I, 
was biotm Biotin was therefore concerned somewhere m a senes of re- 
actions given m equation (1) The loss of activity occurs m the presence or 
absence of semicarbazide, and at 25-28° at a somewhat slower rate than at 
37° The biotm additions may be made before or after the aging process 
with the same results 


Table I 

Carhon Dioxide Production from Aspartic And 
Cells of Escherichia coli grown, as described in the text, suspended in 1 ii phoa 
phate at pH 4 and held at 37° for intervals indicated Reaction run in 0 3 n phos 
phate, 0 01 or 0 02 M semicarbazide, pH 4, 37°, about 0 5 mg of cell mtrogen per 
cup, N , aspartic acid adjusted to pH 4 tipped at 0 time Reaction volume 3 ml 
Exposure to pH 4 in the absence of additions Levels of biotin indicated are mil 
limicrograms of biotin per 3 ml 


Experiment No 

Time of exposure 
to 37^ pH 4 


0 

(Iv) 


No additions 

0 biotm 

Vitamins • 

5 my biotm 

Vitamins less 

biotm, t 0 biotm 

Biotm, 500 mY 


mtn 






60 

71 

334 




45 

18 

274 

25 

273 _ 

411 

45 

117 

223 


230 

415 


8 



259 

421 

60 

24 

177 

20 

178 


* Vitamins added per cup riboflavin 1 y, mcotimc acid 2 5 y, pantothemo acid 
1 y, pyridoxal 10 y, folic acid 5 7 , thiamine 5 y,p aminobenzoate 5 7 , biotin 5 mr 
We are indebted to Merck and Company, Inc , for some of the vitamins and to the 
Lederle Laboratories Division, American Cyanaimd Company, for the synthetic 
folic acid 

f Vitamins less biotm at the same levels as above, but with biotm omitted from 
the mixture 

With malate as the substrate (Table II), the same biotm stimulation of 
deficient cells was obtained Occasionally, as in Experiment 427-a, defi- 
ciency of factois in addition to biotm is evident masmuch as the entire 
vitamm mixtuie was effective, but biotm itself would not suflfice It 
also be noted that the levels of biotm requiied are relatively low^, 5 my being 
adequate and low'ei levels such as 0 5 my (Expeiiment 444) sufficing 
Inasmuch as, with malate as the substiate, reaction (a) (aspartic deamm-y 
ase) was not operative, biotm wms therefore concerned with the reactions 
of equation (1) other than (a) 

E\ndence that the biotm effect resides m (d) (oxalacetate decaiboxy asej 
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\\.is obtiintd in two ways First, as is indicated m Table III, deficient 
tt. lU w Inch c in be btimul itcd w ith biotin show no biotm effect when malate 
lb o\idi7cd in the presence of laigo quantities of cyanide to bind the oxal- 
acetite In order to obseive the second system, an artificial hydiogen 

Table II 

Carbon Dioxide Production from Malic Acid 


Conditions ns in Table Ii except that malic acid adjusted to pH 4 was used as a 
substrate rather than aspartic acid Numbers in parentheses indicate millirmcro- 
t,rama of biotin supplied per 3 ml if this is different from 5 my per 3 ml 


Lzpcnmcat 

\o 

Tunc of 
cxpo&urc 
to 37 , 
pH 4 

Other treatments 

No 
addi 
tlODS, 0 
biotm 

Qi 

Vita 

nuns, 

5 my 
biotin 

CO, (N) 

Vita 

mins 

less 

biotm 

Biotm 

5 my 

111 

45 


109 

206 


199 (500) 

120 

GO 


34 

205 

15 

234 (500) 

424 

30 

Celia at 0-5°, 4 hra 

0 

86 

0 

79 (50) 

427 

30 


183 

264 


1 171 

430 

10 


46 

166 


149 

441 

15 

Colls at 0-5°, 4 hra 

5 

103 

10 

92 







103 (0 5) 

413 a 

30 

“ grow n in 0 3% glucose 

14 

99 


99 

143 b 

30 

“ “ “ 0 15% “ 

6 

45 


45 


Table III 

Decomposition of Malale to Oxalacetate or to Carbon Dioxide 
(a) Malate to COi in N, conditions as in Table II, cells exposed for 30 minutes 
before use, about 0 8 rag of cell mtrogen per cup (6) Malate to oxalacetate, value 
given 13 Oj uptake, cells at pH 4 in refrigerator 60 minutes, then at 37° for 30 minutes, 
reaction run in 0 3 m phosphate, 0 02 si semicarbazide, pH 4, 37°, about 0 8 mg of 
coll mtrogen per cup, gas phase air,0 1 si NaCN, methylene blue 


Experiment 

No 

Conditions 

Q (N) 

No additional 

0 biotm 

Vitamins^ 

5 my biotm 

Biotm, 50 my 

456 

(o) Malate to COj 

42 

91 

89 


(6) “ “ oxalacetate 

146 

146 

146 

461 

(o) “ “ CO, 

' 32 

56 

56 


(6) “ “ oxalacetate 

127 

127 

1 


camel (methylene blue) w sis employed, smee the cyamde present inhibited 
the normal respiratory mechanisms of this oigamsm This suggests that, 
since biotin is not required w'hen oxalacetate is not decaiboxylated, it acts 
on the decaiboxylation of this compound How^evei, this is not regarded as 
pi oof of its action inasmuch as a somewhat artificial system is employed 
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More direct evidence of the site of action of biotm m oxalacetate decar- 
boxylation was obtained in the following manner At pH 4, the spon- 
taneous decomposition of oxalacetate is so great that the presence of 
enzymatic decarboxylation is difhcult to demonstrate At pH 6, however, 
the enzymatic decarboxylation is apparent, but at this pH pyruvate is 
rapidly decomposed by the cell suspensions, and semicarbazide cannot be 
used as an inhibitor because it combines -with oxalacetic acid As reported 

Table IV 

Infltience of Biotin upon Oxalacetate and Malate Decarboxylation 
(o) Oxalacetate decarboxylation, cells at pH 4 at 37° for 60 minutes, oentnfuged, 
adjusted to pH 6 5, reaction run in 0 3 m phosphate, 896 mioroliters of added ox 
alacetate, 0 005 m NaCN, inorgamc salt mixture, gas phase Nj Controls were 
boiled cells (b) Malate decomposition, as in Table II, pH 4 


Eipetunent 

No 

Cell treatment 

i 

Additions 

BioUn, m-y 
per 3 ml 

1 

Oxalacetic acid 

Oco, (N) 

Malate 

CO 

Observed 

Less killed 
cells 

476 

37°, pH 4, 

None 

0 

362 

225 

187 


60 mm 

Vitamins* 

20 

600 

463 

350 



Biotin 

100 

545 

408 

350 


Heated, 100°, 

Vitamins* 

20 

137 




10 min 






478 

37°, pH 4, 

None 

0 

250 

138 

12 


60 nun 

Vitanuns* 

20 

375 

263 

112 



“ less 

0 

204 

92 

12 



biotinf 







Biotm 

10 

375 

263 

112 


Heated, 100°, 

Vitamins 

20 

112 




10 min 















* Vitamins added per cup, 0 5 7 each of riboflavin, thiamine, pantothemo acid, 
mcotimc acid, foho acid, p-aminobenzoic acid, and 20 my of biotin 
t The same as above, biotin omitted 


by Kalmtsky and Workman (8), 0 005 M NaCN largely inhibits the decom- 
position of p 3 TUvate, nhile perxmttmg oxalacetate decaiboxylation 
The cells n eie therefore rendered deficient by holdmg them at 37° at pH 4 
for 60 mmutes, whereupon they were centrifuged from the buffer, adjusted 
to pH 6 5, and tested for oxalacetate decarboxylase activity at pH 6 wth 
boiled cells as a control The data of Table IV illustrate that biotm is the 
active agent m the decarboxylation of oxalacetate 
However, there are suggestions m these data that the natural material ^ 
derived from malate is not oxalacetic acid as such These are sunilar to 
the mdications reported by Kalmtsky and Workman (8) and others (9, 10) 
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and arc of two t>pcs Fiibt, the rate of decomposition of added oxal- 
acctate is lelatnely high, e\ on at pH 6, especially when catalyzed by the 
killed cell substance Ah is evident in Experiment 478 (Table IV), the 
mal Ue sjstem is capable of genciatmg 112 microhters per hour per mg of 
cell nitrogen of a material yielding carbon dioxide If this matenal was 
oxalacctatc, it should decompose spontaneously, therefore, rates lower 
than 112 microhters (as in the “No additions” senes) should not occur. 
That they do may be taken to indicate that the matenal ongmating from 
aspartic or malic acid is not oxalacetic acid as such Even more stnkmg 
results arc obtained at pH 4, when oxalacetate is very rapidly decarboxy- 
latcd Expcnments 409, 415, and 421 on aspartic acid (Table I) and 
Expenments 420, 42-1, and 444 on mahc acid (Table II) should not be 
possible if the product weie oxalacetate as such, smce it would spontan- 
eously decompose at pH 4 at many times the rates recorded Second, 
nialate or asparatc liberates carbon dioxide m the presence of semicarbazide 
(pH 1) which, how ever, umtes readily ivith added oxalacetate and prevents 
its decarboxylation The product denved from malate or aspartate ap- 
pears to be one which does not combine with semicarbazide, a property of 
oxalacetate, therefore, it is not oxalacetate as such That the semi- 
carbazide penetrates the cells may be seen from the fact that it combmes 
with the pyruvate formed and prevents its decomposition In common 
with previous workeis w'ho have recorded this phenomenon, we have so far 
been unable to proceed further experimentally Smce adenosme tn- 
phosphate is required for the Wood-Werkman reaction (11, 12), a phos- 
phorylated derivative of oxalacetate may be the natural substrate, denved 
from malate, for whose decarboxylation biotm is required In our experi- 
ments, the production of carbon dioxide from malate has not been possible 
in the absence of phosphate 


SUMMARY 

By a process of holding cells of Escherichia coh at pH 4 at 37° for 15 to 
60 minutes, their abihty to produce carbon dioxide from aspartic, mahc, 
or oxalacetic acid is decreased This activity is restored upon the addition 
of biotin From the data cited, the action of biotm is locahzed m oxal- 
acetate decarboxylase, suggestmg that it functions as the coenzyme 
Although the substance denved from aspartic and mahc acids may not be 
oxalacetic acid as such, biotm is also required for its decarboxylation 
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With a Section in tiil TtXT by Leon J Rubin 
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(Received for publicalion, June 12, 1947) 

Selachj'l ilcohol is D-a-oIeyl glycerol ether ^ The piesent authois v,cie 
ible to pro\e its configiiiation in 1941 (1), and attempted its synthesis in 
1911, in cooperation i\ith Leon J Rubin (2) In analogy to the syntheses 
of bityl ilcohol and chimjl alcohol (1), the sodium salt of l(— )- acetone 
gljcerol was combined with olejd-p-toluenesulfonate The condensation 
product, after deacctonation, yielded a crystalline substance CaiHwOa 
winch showcil the rotation of natural selachyl alcohol and a melting pomt 
of 18 5-49 5° Since the melting pomt of the “synthetic pioduct” was 
higlici than any' obseived on natuial selachyl alcohol, it w'as thought 
possible that el iidmization had occuned duiing synthesis Oleyl alcohol 
was subjected to the conditions of the synthesis and recoaered essentially 
unchanged It was knowm that sodium alcoholates do not bring about 
elaidmization (3) The authors theiefoie beheied at the tune that then 
synthetic pioduct of the melting point 48 5-49 5° was a deiivatue of 
oleyl alcohol The difference m the melting points of the “synthetic 
product” and the natural selachyl alcohol remained unexplamed 

New doubts as to the oleyl stracture of oui synthetic compound arose 
later w'hen Rubm heated natural selachyl alcohol with selenium and 
succeeded in transforming it into a compound w ith an approximate melting 
pomt of 48-49° Fuitheimore, the condensation of elaidyl p-toluene- 
sulfonate with the sodium salt of l(— )- acetone gly'ceiol yielded also a 
compound with a melting pomt of 50-51° These obseivations piompted 
us to request Piofessoi M F Ciaw'ford, of this Univeisity, to study the 
infia-ied and Raman spectra of the compound melting at 48 5-49 5° 
The icsults of this investigation proved unequivocally that this compound 
is the trans deiivative 

Obviously a new synthesis for the n-a-oleyl glyceiol ethei w'as lequiied 
Smee oleyl alcohol, m contrast to its toluenesulfonate, was not elaidmized 
by sodium alcoholates (2), the origmal procedure was modified by con- 
densing the sodium salt of oleyl alcohol wuth a-(p-toluenesulfonyl)L- 
acetone glycerol Hydrolysis of the condensation pioduct w'lth acetic 

• A review of the earlier literature can be found in Paper II of this senes (2) 
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acid and subsequent tieatment of the hydrolysis product with potassium 
hydroxide solution yielded pure n-a-oleyl glycerol ether (m p 17 6-19 0° 
and [ajn* = —4 5°) Our purest sample of natural n-selachyl alcohol 
showed the same meltmg pomt and rotation (foi the rotation cf also 
Toyama (4)) The condensation, however, yielded the n-a-oleyl glycerol 
ether in a yield of 16 per cent only Tins modification of the oiigmal 
procedure was suggested by Leon J Rubin, who established its feasibihty 
by synthesizing DL-chimyl alcohol and DL-selachyl alcohol m this manner 
Professor Crawford, who again was kmd enough to mvestigate the mfra-red 
spectrum of the natural selachyl alcohol and the new synthetic product, 
states “The S 3 mthetic compound (m p 17-19°) and natural selachyl 
alcohol absorb strongly at 1652 cm the C=C characteristic frequency, 
whereas the product (m p 48 5-49 5°) of the first synthetic procedure (2) 
and the compound (mp 48-49°) formed by elaidmization of natural 
selachyl alcohol absorb very weakly at this fiequency Smce the tians 
form can be considered to have a center of symmetry so far as the C=C 
localized vibration is concerned, the change m the dipole moment as- 
sociated with this vibration will be zero, consequently, the trans form should 
have neghgible absorption at 1652 cm Thus the two compounds with 
m p 17-19° are cis and those with m p 48-49° are trans ” 

The mfra-red and Raman spectia of the natural selachyl alcohol and the 
synthetic oleyl and elaidyl glycerols wiU be reported by Professor M F 
Crawford and Dr L J Rubm m detail elsewhere 

In view of the new expenmental evidence brought forward, we do not 
hesitate to state that the new procedure produces, though m poor yields, 
D-a-oleyl glycerol ether (m p 17 6-19 0°, [afo = —4 5°) which is identical 
with selachyl alcohol from natural sources 

EXPERIMBNTAL 

v-Selachyl Alcohol 

a-ip-ToluenesulfonyT)h-acetone Glycerol — To a gently agitated and cooled 
mixture of 19 0 gm of p-toluenesulfonyl chloride and 10 cc of dry pyridine 
were added 13 2 gm of freshly prepared ii(— )-acetone glycerol ([do — 
—13 9°) (5) The reaction mixtujre was kept in an ice bath until the re- 
action had subsided (approximately 1 hour) After standmg 48 hours at 
room temperature, a crystallme sludge had formed which was poured with 
stirrmg mto 500 cc of ice water The supernatant liqmd was immediately 
decanted and the heavy oil, dissolved m ether , washed with sodium carbonate 
solution The ether solution was dried wth anhydrous sodium sulfate 
and concentrated %n vacuo to a thick syrup The residue (24 2 gra) was 
dissolved in a mnxture of 150 cc of dry ether and 300 cc of petroleum 
ether (b p 30-60°), the solution cooled to —70°, and the thick slu ge 
filtered ivith suction on a cooled Buchner funnel The substance, w c 
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liquefies at room temper iturc, was fieecl tn vacuo from adhenng solvent 
Tlie yield of a-(;;-toluenebulfonyl)n-acetone glycerol was 23 0 gm (80 4 
per cent) n" = 1 5051, = 1 208, [alp = +6 7° (in substance), 

[«lu* = + I 0° (c 13, dry ethanol) 

Analysis — CnlluOiS Calculated C 5-1 51, H 6 29, acetoae 20 3 

2S0 2 Found “ 64 60, “ 6 28, “ 20 6, 20 0 

icetone Compound of u-Sclachyl Alcohol — 190 cc of a molar solution of 
sodium naphthilcnc m glycol dimethyl ethei w'ere prepared according to 
the diioctions of Scott, Walkei, and Ilansley (6) Into the cooled solution 
was mil with staring a solution of 50 2 gm of oleyl alcohol (2)^ m 50 cc 
of glycol dimethyl ether, and the staling was contmued until the formation 
of the sodium compound of oleyl alcohol w'as completed A solution of 
53 5 gm of Q!-(p-tolueaesulfonyl)L-acctone glyceiol in 100 cc of glycol 
dimclhjl ether was then added and the mixture refluxed gently m an 
.itmospherc of dry nitrogen for a peiiod of 44 hours The sodium p- 
toluenesulfoiiate w'as filteied off with suction, the solid washed with ether, 
and the combined filtrates concentiated under diminished pressure In 
order to lemove most of the naphthalene and dihydronaphthalene, the 
residue was heated gradually in a vacuum of 10 to 15 mm to a tempeiature 
of 160° (bath) The remaining oil was taken up m ether, the solution 
washed several times with watei, dried with anhydious sodium sulfate, and 
again concentrated The residue was distiUed m a molecular still (7) at a 
pressure of 2 X 10~= mm Tliree fractions weie collected Fraction 
A, temperature of oil bath 130-150°, speed of distillation 12 to 6 drops pei 
minute, n‘o = 1 4620, Fiaction B, temperature of oil bath 150-160°, 
speed of distillation 15 to 4 drops per minute, 20 gm , a” = 1 4640, 7 5 
per cent acetone. Fraction C, tempeiature of oil bath 160-170°, speed of 
distillation 4 to 0 2 drops per minute, 16 3 gm ,n^ = l 4585, 13 3 per cent 
acetone, = — 11 6°, m substance A considerable amount of substance 
(18 9 gm ) containmg not more than 0 5 per cent of acetone remained 
undistilled, 71^ = 1 4710 

Fraction C, containmg approximately 88 per cent of the desired acetone 
compound, w'as agam fractionally distilled (molecular still) at a pressure 
of 1 X 10-’ to 5 X 10-* mm and a speed of 1 drop of distillate per mmute 
Two fractions weie collected (a) 95-100° (air bath), 4 0 gm , nff = 1 4637, 
Ho = -9 44°, (6) 100-115° (ail bath), 11 4 gm (15 9 per cent yield), 
nf = 1 4568, df = 0 898, Hd® = -12 97°, in substance 

Analysis— CiAiisO, (382 4) Calculated C 75 31, H 12 09, acetone 15 18 

Found “ 75 56, “ 12 35, “ 14 92 

75 58 12 40 

^ This and all following operations were earned out in an atmosphere of mtrogen 
whenever possible 
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acid and subsequent treatment of the hydrolysis product with potassium 
hydroxide solution yielded pure u-a-oleyl glycerol ethei (m p 17 6-19 0° 
and [a]D^ = —4 5°) Our purest sample of natural n-selachyl alcohol 
showed the same meltmg pomt and rotation (foi the rotation cf also 
Toyama (4)) The condensation, however, yielded the D-a-oleyl glycerol 
ether m a yield of 16 per cent only This modification of the oiigmal 
procedure was suggested by Leon J Rubm, who established its feasibihty 
by synthesizmg DL-chimyl alcohol and DL-selachyl alcohol m this manner 
Professor Crawford, who agam was tmd enough to mvestigate the mfra-red 
spectrum of the natural selachyl alcohol and the new synthetic product, 
states “The synthetic compound (m p 17-19°) and natural selachyl 
alcohol absorb strongly at 1652 cm the C=C characteristic frequency, 
wheieas the product (m p 48 5-49 5°) of the first synthetic pioceduie (2) 
and the compound (m p 48-49°) formed by elaidmization of natural 
selachyl alcohol absorb very weakly at this frequency Smce the tians 
form can be considered to have a center of symmetry so far as the C=C 
locahzed vibration is concerned, the change m the dipole moment as- 
sociated with this vibiation will be zeio, consequently, the trans form should 
have neghgible absorption at 1652 cm Thus the two compounds with 
m p 17-19° are cis and those with m p 48-49° are trans ” 

The infra-red and Raman spectra of the natural selachyl alcohol and the 
synthetic oleyl and elaidyl glycerols will be reported by Profes«or M 5* 
Crawford and Dr L J Rubm m detail elsewhere 

In view of the new expenmental evidence brought forward, we do not 
hesitate to state that the new procedure produces, though m poor yields, 
D-a-oleyl glycerol ether (m p 17 6-19 0°, [a]!,^ = —4 5°) which is identical 
with selachyl alcohol from natural sources 

EXPERIMENTAL 

D-Selachyl Alcohol 

a-(p-Toluenesulfonyl)ij-acetone Glycerol — ^To a gently agitated and cooled 
mixture of 19 0 gm of p-toluenesulfonyl chloride and 10 cc of dry p 3 Tidine 
were added 13 2 gm of freshly prepared l(— )-acetone glycerol ([alo " 
—13 9°) (5) The reaction 1111 x 10/6 was kept m an ice bath until the re- 
action had subsided (approximately 1 hour) After standmg 48 hours at 
room temperature, a crystallme sludge had formed which was poured wit 
stirrmg mto 500 cc of ice w'atei The supernatant hqmd was immediately 
decantedand the heavy od, dissolved m ether, washed with sodium carbonate 
solution The ether solution was dried with anhydrous sodium sulfate 
and concentrated m vacuo to a thick syrup The residue (24 2 gm ) was 
dissolved m a nuxture of 150 cc of dry ether and 300 cc of petro eum 
ether (bp 30-60°), the solution cooled to -70°, and the thick sludge 
filtered with suction on a cooled Buchner funnel The substance, w c 
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mixture u is gently refluxed foi 2-i hours The sodium p-toluenesulfonate 
was ccntiifugcd olT, w islied seieral times wuth ethei, and the combined 
supern it uit liquids tonccnti ited at icduced piessure The residue w^as 
graduilli lieited to i temperatuie of 160° m a vacuum of 10 to 15 mm 
The rem umng oil w is taken up m ether, the solution washed rapidly with 
ice-cold w atci , dried w ith sodium sulfate, and again concentrated The oil 
was fnetioii illy distilled in i molecular still (7) at a pressuie of 3 X 10“® 
mm while the temiieratuic of the an bath was gradually raised from 
95-105° (speed of distillation 1 drop or less pei mmute) Two fractions 
were collected The first, weighing 1 3 gm = 14550) contamed 

all the impurities The second fiaction, weighing 2 9 gm (49 3 per cent 
Hu •* = 1 1559) was the puie acetone compound of n-a elaidyl glycerol 

Analysis— C ,HuOj (3S2 4) Calculated C 75 31, H 12 09 

Found “ 76 20, “ 12 02 

D-a-Etatdi/l Glycerol Ether — 2 9 gm of the acetone compound of n-a- 
elaidjl glycciol weie dissolved m 25 cc of 80 pei cent acetic acid at 80° 
and the solution kept at the same tempeiatuie foi 2 horn’s On the addition 
of 100 cc of cold watei a semisolid material piecipitated which was sucked 
off and trituiatcd on the steam bath with a slight excess of dilute potassium 
hydi oxide solution foi 30 minutes The pioduct was taken up m ethei, 
and the solution washed with w'ater until free from alkali and dried wnth 
anhydrous sodium sulfate The ether solution was evapoiated to dryness 
and the residue (2 25 gm , m p 48-49°) lecrystallized fiom 10 cc of dry 
acetone at —15° 2 01 gm of puie D-a-elaidjd glyceiol were obtained, 

melting at fiom 50 0-51 0° (coirected) The mixed meltmg point of the 
D-a-elaidjd glycerol with a sample of the “selachyl alcohol (mp 48 5- 
49 5°),” which was piepaied by condensation of the oleyl-p-toluenesulfonate 
with the sodium salt of l(— )- acetone glyceiol and subsequent acid 
hydiolysis (2), show^ed no depiession 

Analysis— CiiHitOi (342 6) Calculated C 73 60, H 12 32 

Found “ 73 78 “ 12 47 

Elaidimzalion of Nairn al Selachyl Alcohol with Selenium 
By Leon J Rubin 

5 gm of pui ified selachyl alcohol'* from dogfish liver oil [Uo* = 1 4680) 
were heated m a Pyiex test-tube with 15 mg of finely powdered amorphous 

■* The unsapomlmble matter of dogfish liver oil was dissolved in acetone, 
filtered with suction, and the filtrate evaporated The residue was dissol 
methanol, again chilled, and filtered This procedure removed most of the sat 
material and the sterols The residue of the methanol solution was acetylat 
the mixture of acetates fractionally distilled tn vacuo Sapomfication of the 
fractions of the diacetyl selachyl alcohol gave the selachyl alcohol used for 
dinization! 
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selenium at 220° for a penod of 2 hours A stream of pure nitrogen® was 
passed through the reaction mixture to exclude air and provide agitation 
The warm oil w^as dissolved m 20 cc of acetone and the material allowed 
to ci-ystalhze m the lefiigeiator A crystallme product (2 3 gm ) was ob- 
tamed which melted at from 44-45° On recrystallizmg tivice from acetone 
and once from petroleum ether (b p 60-80°), the melting point was raised 
to 47-48° 


Analysts — CnHijOj Calculated C 73 60, H 12 32, I No 74 0 
Pound “ 73 64, “ 12 48, “ “ 71 4 

73 72 12 38 

SUMMARY 

D-a-Oleyl glycerol ether (mp 17-19°), identical with natural selachyl 
alcohol, and n-a-elaidyl glycerol ether (m p 48-49°), the trans isomer, have 
been synthesized The geometrical configurations were established by ev 
ammation of their infra-red absorption spectra 

We wish to express our smcere appreciation to Professor M F Crawford, 
University of Toronto, for his fnendly cooperation, which was decisive in 
elucidatmg the cis-trans isomerism of the natural selachyl alcohol and the 
two S 3 mthetic products, to Professor R G Smclair, Queen’s University, 
lUngston, Ontano, for a sample of elaidic acid methyl ester, to Dr K C D 
Hickman, Distillation Products, Inc , Rochester, New York, for a generous 
supply of unsaponifiable matter of dogfish liver oil , and to Dr Leon J Eubin 
for conductmg the preliimnary expeiiments 
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A salt mi\tme containing manganese has been widely used m media for 
lactic acid bacteria (1-3) Tho grow th-enbancing pi opeities of manganese 
for lactic acid bactciia has been noted by various mvestigatois (4, 5), and 
Moellci (b), using a highly puiified medium of synthetic nature, found it 
essential foi a strain of Sli cptobacternnn planlaniin More recently Mac- 
I cod and Snell (7) have show n that manganese is essential for many organ- 
I'-ms of this group 

The successful use of lactic acid bacteiia foi assay of vitamins and ammo 
acids suggested study of theu applicability to manganese assay Although 
many chemical methods foi the estimation of this ion m a host of different 
materials have appeared, application of many of these to biological mater- 
la'b, in which only a few micrograms of manganese may be piesent with 
laige ciuantities of inteifering materials {eg non m blood), has not been 
geneially satisfactoiy Development and use of a microbiological method 
will be desciibed below 

EXPERIMENTAL 

Organtsm — Iheliminaiy woik was done with Lcctohacillus casei Lacto- 
hacillus arahinosus 17-5 w^as soon found to lespond more favoiably to man- 
ganese addition, and was used in most of the work reported 

Stock CuUuies and Inocula— Stock cultures weie carried by semimonthly 
tiansfei in the medium recommended by Nymon and Goitner (8) This 
contains tryptone, KsHP 04 , glucose, liver extract, agai, and water The 
stab cultures were incubated foi 48 hours at 37° and then stored in a lefiig- 
ciatoi until used This same medium, with agai omitted, was used to pre- 
pare the inoculum Foi this puipose, a transfer w^as made from a stab 
culture to a tube (10 cc ) of sterile liquid medium which w'as meubated foi 
24 hours at 37° The cells were then centrifuged, the supernatant liqmd 
poured off and replaced with 10 cc of sterde sahno solution, and the cells 
lesuspended by carefully sw'iiling the tubes 1 drop of this suspension was 
used to inoculate each assay tube 

* Published with the approval of the Director of the Wisconsin Agricultural E\- 
periment Station This work was supported in part by » grant from the Tennessee 
Eastman Corporation of Kingsport, Tennessee 
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il/ edium — The medium of Robei ts and Snell (9) , n ith manganese omitted, 
was used with minoi modifications Its composition is given m Table I 
A majoi obstacle in using such a medium foi manganese assay was the fact 
that, despite use of ingiedients of the highest obtainable puiity, sufficient 
manganese w as alw ays present in the final medium to peimit near maximal 
growth and acid pioduction of the test oigamsms 
It w as found, how evei , that the test oi ganisms themselves could be used 
as a means of lemoving this manganese from the medium Foi this pia- 


Table I 

Composihon of Basal Medium 


Constituent 

Amount per 
liter of double 
strength medium 

Constituent 

Amount per 
liter of double 
strength medium 

Enzymatic casein digest* 

800 cc 

Guamne 

20 mg 

Glucose 

40 gm 

Adenine sulfate 

20 “ 

Sodium acetate 

20 “ 

Calcium pantothenate 

1 0 “ 

K-HPO< 

0 5“ 

Nicotimc acid 

1 0 “ 

KHoPOi 

0 5“ 

Pyridoxamine 

1 0 “ 

Salt mixturef 

40 cc 

Riboflavin 

1 0 “ 

Water 

160 “ 

Thiamine 

1 0 “ 

Cyatine 

400 mg 

Biotin 

260 7 

Uracil 

20 “ 

Folic acid 

250“ 


* The enzymatic digest was prepared by suspending 120 gm of Labco casein m 
2 liters of 0 8 per cent sodium bicarbonate solution 600 mg of pancreatm m 15 to 
20 cc of water were added to the suspension and mixed to insure uniform distnbu 
tion A thin layer of toluene was spread over the top and the mixture placed m an 
incubator at 37° for 48 hours After incubation the mixture was steamed for 30 
minutes and the bicarbonate was neutralized with 7 cc of glacial acetic acid The 
material was filtered by the use of Super-Cel under medium suction The volume 
was then adjusted to 2400 cc and stored under toluene at room temperature until 
used 1 cc of this solution was equivalent to 50 mg of casein 

t The salt mixture contained the following 10 gm of MgSOi 7H.O, 0 5 gm of 
NaCl, and 0 5 gm of FeSOi 7 H 2 O in 250 cc of water All salts were of c p reagent 
quality 

pose, alitei of double stiengtb medium (Table I) waspiepaiedand stenhzed 
by autoclaxing at 15 pounds pi essuie foi 5 minutes Aftei cooling, this was 
moculated with 20 cc of the moculum suspension and incubated 24 hours 
at 37° The cells weie then centiifuged and the pH was adjusted to 6 8 
to 7 0 wnth NH4OH Dm mg this short pietieatment, 1 to 2 cc of 0 1 N 
acid per 5 cc of double stiength medium weie usually produced An addi- \ 
tional allotment of uiacil, guamne, adenine, p-anunobenzoic acid, and the 
xitamms was then added to the medium m the amounts showm in Table I 
The med um was then leady for use in assays 



nCNTI 1 1 , SNFLL, AND PHILLIPS 


345 


'Jhc olloclni'iK ss ol (Ins tu ilnu'iit m u'mo\ing manganese piescnt as a 
cent uinii ml m (lie b i^ il medium is sliown by the data m Table II A^^ien 
rMctabdcillus {< 10.1 w is used is (he test oiganism instead of Lactobacillus 
s awbiiw^Ks, (lie - line genoial putine was obtained L casei, liowevei, 
sicmcd (o lie lon-idir ililj moie sensituc to tiaces of manganese than did 
L iirahiiw^ii'^, -inei' “111 inks” of 5 to (i cc of 0 1 n acid weie often obtained 
e\en with (lie pietieated medium It was possible, by using L casei for 
prctie iting (he medium and bj ( uiying through this proceduie two oi 
moie times, (o icduee (he manganese content to a level winch did not sup- 
poit apprceiable giowth of (his oiganism m the absence of added manga- 
ne-e 'I he inconvenu nee of such lepeated tieatments led to the 
ibindoiimi nt of L casei as a te&t oiganism m favoi of L aiabinosus 
Jssay ProcalurL— The usual mieiobiological assay techmques weie used 
throughout (his studj Ihicfly the pioceduie was as follows The final 


Table II 

Ejfcct of PrdrcalmuU of Medium on Acid Production by Lactobacillus arabinosus in 
Presence and Absence of Added Manganese 


TreaUnent of medium 

1 

0 1 N acid produced per 10 cc 

No added Md 
(blanks) 

Excess Mq 
(100 y per 10 cc ) 


* 

cc 

cc 

Rone 


8 35 

17 7 

Pretreated with L arabinosus 


1 5 

15 7 


volume in the assay tubes (18 X 150 mm Pyie\cultme tubes) w'asmadeby 
diluting 5 cc of the preti eated double strength medium to 10 cc with eithei 
w atei , sample, oi w’ater plus sample Each sample aliquot was assayed in 
duplicate Poui to si\ aliquots of varying size weie taken foi each sample 
All tubes and contents weie steiilized by autoclaving 15 nunutes at 15 
pounds piessuie The tubes weie cooled and inoculated, then incubated 
at 37° foi 72 houis 

Response to added manganese was measuied by electi ometric titration 
of the acid produced Foi this purpose, a pieviously desenbed calomel 
half-cell-quinhydrone system w ith a sensitive galvanometer w as found con- 
venient Since ceitain samples were turbid, the turbidimetric method of 
assay was nevei used In practice, titiation values were consideied checks 
if wuthm 0 3 cc of alkali on duplicate tubes 
^ Standard Curve— A standaad solution was piepaied by dissolving suffi- 
'cient MnS 04 H 2 O in 1 liter of w^atei to give a final concentration of 0 5 7 of 
manganese per cc At this concentration, the smallest volume w hich must 
be pipetted in pieparmg a standaid cuive is 0 1 cc A typical standard 
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curve, showing response to added manganese and the assay lange used, is 
shown in Fig 1 The i espouse of Laclobaotllvs ajahnosus to manganese 
added m a solution of KMn 04 is shown in Expeiiment 2 of Fig 1 It is 
seen that the curve was similai to the standard cuive obtained duiing the. 
same assay It v as concluded, then, that ionic valency v ould not present 
a pi oblem eithei in sample prepai ation oi as a soui ce of en or in the quanti- 
tative deteimination of manganese Undoubtedly the presence of many 
oxidizable mateiials in this medium and the lowering of the pH of the 
medium duiing bacterial growdli w'ould both tend to maintain manganese 
.n the lowei valence state 



Fig 1 The response of Lactobacillus arabinosus to added manganese in a manga 
nese deficient medium The insert shows the effect of high concentrations of 
manganese 

It can be seen in the insert (Fig 1) that acid pi oduction continues to in- 
crease with manganese additions until titration values of 15 to 17 cc of 
0 1 N acid pel 10 cc of medium were leached At levels higher than 0 5 7 
of manganese ion per 10 cc , however, the slope of the curve fell off rapidly 
and w as not of gieat value foi assay pui poses By compai ing many assays 
it was found that the most accurate and satisfactory results wcie obtained ^ 
when the portion of the standard cuiwe between 0 1 and 0 3 7 of manganese 
w'as used Values obtained above and below' this segment weie not neces- 
taiily inaccmate but tended to be moie eii atic To obtam the manganese 
content of a sample, results calculated from at least thiee sample aliquots 
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promote confaulcrablc grow th If the amount present is not too great, it is 
often possible, merely by growing in the medium an organism reqmnng the 
ion for growth, to reduce the concentration of the ion in the medium to a 
‘•]c\cl which will not support growth of the orgamsm This procedure for 
removing traces of inorganic ions is referred to throughout this paper as 
“pretreatment” of the medium It is carried out as follows 

1 liter of the double strength medium, complete except for its complement 
of the inorganic ion under investigation, is autoclaved 5 to 10 mmutes at 
15 pounds pressure 1 he time of autoclaving is reduced to a mmimum to 
pre\ent excessne caramclization, should repeated pretreatment be neces- 
sary /Vftcr cooling, the sterilized medium is inoculated ivith 10 cc of the 
inoculum culture, then incubated for 24 hours at the appropriate tem- 
perature Ihe cells are removed by centnfugation For this purpose, 
plastic (I ustron) centrifuge tubes and a centiifuge equipped with a comcal 
head are \ ery satisfactory .\iter centrifugation, the clear medium is de- 
canted from the cells and pooled The pH is readjusted to 6 5 with a 
solution of ammonia prepared by boiling commercial ammomum hydroxide 
and redissolving the ev olved ammomam distilled water The medium thus 
pretreated may be stored under toluene in the cold room until use Since 
the concentrations of certain essential ingredients of the medium (other than 
the essential mineral element) may be reduced to levels below those requu-ed 
for optimal growth, the medium is “fortified” just before use by adding 
amounts of glucose, vitamins, and purine bases equal to those used m the 
original medium 

Test Procedure — The customary techniques of microbiological assay were 
used (c/ (12)) 5cc of the pretreated double strength medium were added 
to each of a series of 18 X 150 mm Pyrex test-tubes Appropriate quanti- 
ties of solutions of the inorganic ion to be investigated w'ere then added, and 
the total volume of each tube adjusted to 10 cc ivith distilled water In all 
cases, Mn++ was added as MnS04 H2O, Mg++ as MgS04 THaO, Fe++ as 
FeSOi 7H2O, Iv+ as KCl, and PO4® as KH2P04 All salts were of reagent 
quality Additions were made to supply the amounts of the ions indicated, 
not the salts All tubes were covered with aluminum caps, autoclaved 10 
minutes at 15 pounds pressure, cooled, and inoculated For inoculum, the 
inoculum culture (10 cc ) was centrifuged, the supernatant medium re- 
moved, and the cells resuspended m sterile 0 9 per cent NaCl solution This 
suspension was again centrifuged, the supernatant hquid discarded, and the 
cells resuspended as before in 10 cc of sterile saline When a “heavy” 
inoculum was desired, 1 drop of this suspension w^as added to each culture 
tube, if a “light” inoculum was needed, 1 cc of this suspension was added 
to 100 cc of sterile saline and 1 drop of this suspension added to each culture 
tube After the growth period (usually 24 hours) the turbidity of each 
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EXPERIMENTAL 

Cultures and Inocida — Cultures used were LadobactUus arahinosus 17-5, 
Ladobacillus caset, LadobactUus delbruecktt LD-3, LadobactUus fermenli 
36, LadobactUus pentosus 124-2, Leuconostoc mesenteroides P-60 and 9135, 
and Streptococcus faecalts R. Cultures were earned as stabs in yeast-dex- 
trose agar Inoculum cultures were meubated 16 to 18 hours m yeast 
extract-glucose broth (1 per cent Difco yeast extract and 1 per cent glucose) 
On some occasions, the inoculum may be grown m the mineral-deficient 


Table I 


Composihon of Basal Medium* 



Amounts per 10 cc 
£nal medium 


Amounts per 10 cc 
filial medium 

1 Casein (enzymatic 
hydrolysate) 

100 mg 

13 Riboflavin 

14 Niacin 

2 y 

2 " 

2 Asparagine 

3 BL-Tryptophan 

1 “ 

0 5 “ 

15 p-Aminobenzoic 
acid 

1 “ 

4 Cystine 

1 

16 Folic acid 

0 05 “ 

5 Ademne HCl 

0 1 “ 

17 Biotm 

0 01 " 

6 Guamne “ 

0 1 “ 

18 KHsPOi 

10 mg 

7 Uracil 

0 1 “ 

19 KsHPOi 

10 “ 

8 Glucose 

100 

20 MgS 04 7 H 2 O 

2 

9 Sodium acetate 

60 

21 NaCl 

0 1 " _ 

10 Pyndoxal HCl 

1 y 

22 FeSOi 7 H 2 O 

0 1 “ 

11 Thiamine “ 

12 Calcium pantothe- 

nate 

1 » 

2 

23 MnSOi H 2 O 

0 1 “ 


* For convenience separate solutions were prepared of (o) purmes and pyruDi 
dines (Constituents 5 to 7), (6) the vitamins (Constituents 10 to 17), (c) Salts 
(Constituents 18 and 19), and (d) Salts B (Constituents 20 to 23) Salts A and Salts 
B constitute Speakman’s salt mixture Constituents 1 to 7 plus Salts A were com 
bined to form a single stock solution, to which glucose, acetate, the vitanun solu 
tion, and the appropriate salts were added to form the final medium 


medium Cultures of Leuconostoc mesenteroides and Lactobacillus penlosus 
uere meubated at 30°, other cultures were meubated at 37° 

Basal Medium — The medium used (Table I) was a slight modification o 
that reported by Roberts and Snell (12) The enzymatic digest of casein 
was prepared as described previously (12) vuth the exception that hydro 
chlonc'acid v as used to neutralize the digest and all charcoal treatmen 

were omitted The single mineral element to be studied was onutted rom 

the medium in each case 

Preparation of Mineral-Deficient Medium — Despite omission of t e in^ 
orgamc ion under study, sufficient is usually present as a contaminan 
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promote coiibidcrablc growth If the amount present is not too great, it is 
often possible, merely by growing in the medium an organism reqmnng the 
ion for growth, to reduce the concentration of the ion in the medium to a 
,V]c\cl which will not support growth of the orgamsm This procedure for 
removing traces of inorganic ions is referred to throughout this paper as 
“pretreatmcnt” of (he medium It is earned out as follows 

1 liter of the double strength medium, complete except for its complement 
of the inorganic ion under investigation, is autoclaved 5 to 10 mmutes at 
15 pounds pressure The time of autoclaving is reduced to a m inim um to 
preient e\cessi\c caramclization, should repeated pretreatment be neces- 
sary ^Vftcr cooling, the sterilized medium is inoculated ivith 10 cc of the 
inoculum culture, then incubated for 24 hours at the appropriate tem- 
perature Hie cells are removed by centnfugation For this purpose, 
plastic (I iistron) centrifuge tubes and a centiifuge equipped with a comcal 
head are \ ery satisfactory .\iter centrifugation, the clear medium is de- 
canted from the cells and pooled The pH is readjusted to 6 5 with a 
solution of ammonia prepared by boiling commercial amm onium hydroxide 
and redissolving the ev olved ammomam distilled water The medium thus 
pretreated may be stored under toluene in the cold room until use Since 
the concentrations of certain essential ingredients of the medium (other than 
the essential mineral element) may be reduced to levels below those requured 
^for optimal growth, the medium is “fortified” just before use by adding 
amounts of glucose, vitamins, and purine bases equal to those used m the 
original medium 

Test Procedure — The customary techniques of microbiological assay were 
used (c/ (12)) 5cc of the pretreated double strength medium were added 
to each of a series of 18 X 150 mm Pyrex test-tubes Appropriate quanti- 
ties of solutions of the inorganic ion to be investigated w'ere then added, and 
the total volume of each tube adjusted to 10 cc with distilled water In all 
cases, Mn++ was added as MnSO< HjO, as MgS 04 7 H 2 O, Fe++ as 

FeSO^ 7 H 2 O, Iv+ as KCl, and PO4® as KH2PO4 All salts were of reagent 
quality Additions were made to supply the amounts of the ions indicated, 
not the salts All tubes were covered with aluminum caps, autoclaved 10 
rmnutes at 15 pounds pressure, cooled, and inoculated For inoculum, the 
inoculum culture (10 cc ) was centrifuged, the supernatant medium re- 
moved, and the cells resuspended in sterile 0 9 per cent NaCl solution This 
suspension was again centrifuged, the supernatant hquid discarded, and the 
cells resuspended as before in 10 cc of sterile saline When a “heavy” 
r inoculum was desired, 1 drop of this suspension w^as added to each culture 
tube, if a “light” inoculum was needed, 1 cc of this suspension was added 
to 100 cc of sterile saline and 1 drop of this suspension added to each culture 
tube After the growth period (usually 24 hours) the turbidity of each 
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cultiire was determined in the Evelyn colorimeter, with the 660 m;i filter and 
the 10 cc aperture 

Manganese — ^The manganese requirements of eight lactic acid bacteria 
were deterrmned in a medium which had been pretreated once with Lacht 
bacillus ardbinosits The results are given m Table II With the exception 
of Lactobacillus casei and Streptococcus faecahs, none of the organisms grew 
appreciably unless Mn++ was added Maximum groivth m 24 hours was 
achieved with considerably less than 100 y of Mn++ per 10 cc of medium 


Tabib II 

Response of Lactic Acid Bacteria to Added Manganese on Manganese-Deficient Medmm* 


1 

Mn++ p«r 10 cc 

Or 

oi-r 

OJy 

IjOy 

1007 

Galvanometer readmgsf 

Lactobacillus arabinosus 

98 

80 

61 

37 

28 

“ delbrueckit 

85 

58 

47 

33 

27 

“ casei 

73 

43 

30 

25 

25 

Streptococcus faecalis 

68 

62 

59 

58 

54 

Leuconostoc mesenteroides (P-60) 

98 

84 

71 

49 

42 

“ “ (9135) 

95 

81 

72 

63 

63 

Lactobacillus pentosus 

97 

71 

51 

38 

38 

“ fermenti 

95 

87 

80 

63 

34 

“ caseiX 

93 

69 

54 

40 

30 


* The basal medium, with manganese omitted, was pretreated once with Lade 
bacillus arabinosus 


t The galvanometer readings (Evelyn colorimeter) represent per cent of the m 
cident light transmitted The umnoculated medium was set to read 100 

t In this instance, the basal medium, with manganese omitted, was pretreated 
twice wuth Lactobacillus casei 

L casei and Streptococcus faecalis grew appreciably without added manga- 
nese , groirth w as greatly enhanced, how ever, by its addition It is possible 
either that the orgamsms do not require manganese and are stimulated by 
it, or their manganese requirements are low and sufficient ion remains m 
the medium after pretreatment with L arabinosus to permit their limited 
growdh 

To decide between these possibilities, a portion of the basal medium was 
pretreated twice in succession with Lactobacillus casei Inoculum for the 
second pretreatment was washed with salme to avoid mtroduction oi^ 
manganese from this source The response of L casei to added manganese 
in the twice pretreated medium is also shown in Table II Growth m the 
absence of manganese was slight, good growth occurred when manganese 
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\\ as added It is concluded, therefore, that L casci also requires manganese 
for growth L\en on media smnlar to this, however, it was not possible 
to demonsti ite that hlnj)lococcus Jaccalis required manganese for groivth 

'Ihe speeilicit^ of the rtqunement for manganese was mvestigated to a 
limited extent Ilcagcnt grade salts of ]Mg++, Co++, Ni++, and Ga++, when 
tested at a conecntration of 1000 7 of the metallic ion per 10 cc , showed 
slight growth-promoting clTccts .liter recrystalhzation from distilled 
water, howoeei , the^ were inactne Then imtial activity w'as thus due to 
contamination with manganese Feiious salts showed low activity (about 
0 OS per cent that of manganese) which w-as not altered by reprecipitation 
from dilute sulfuric acid solution with ethanol Ferrous ion prepared by 
dissolving analytical grade iron wire m dilute hydrochloric acid stowed 
similar activity .Uthough the activity of ferrous non is believed to result 
from contanunation, no positive data are available to prove this point 

Magridiiuin — Preliminary growth trials on a medium to which no mag- 
nesium was added showed that, of the eight cultures tested, only Lacto- 
bactllus arabuiohus and L casci were significantly stimulated by addition of 
magnesium Three successive pretreatments of the deficient medium with 
L casci failed to reduce growdh in the unsupplemented medium It was 
decided, therefore, to pretreat the medium -with yeast, w'hich is known to 
requne magnesium for grow th Foi this purpose, the magnesium-deficient 
basal medium was supplemented with CaCh (1 mg per cc ) and mositol 
(50 7 per cc ), adjusted to pH 5 5, dispensed m 100 cc quantities mto 500 
cc Er(enmeyer flasks, and autoclaved for 5 minutes After coohng, it was 
inoculated with a suspension of Saccharomyces carlshergerms 4228, and m- 
cubated ivith shabng foi 24 hours at 30° The heavy growth which re- 
sulted w as removed by centrifugation and the pretreatment repeated twice 
The ability of this pi etreated medium to support growth of S carlsbergensis 
and of L casci is shown in Table III It is evident that the medium was 
deficient m magnesium for yeast, smee it supported only shght growth of 
this orgamsm unless magnesium was added The medium supported good 
growth of L casei in the absence of added magnesium, although magnesium 
does stimulate gi owih considerably 

No defimte conclusions concermng the magnesium requirements of Lacto- 
bacillus casci can be diawn from these data, except that this requirement, if 
it exists, IS of a low^ei ordei of magmtude than that of yeast If the amount 
required is sufficiently small compared to that imtially present as a con- 
taminant, even repeated pretreatments wall fail to show up the requirement 
Similarly, contamination from glassw'are, etc , may be sufficient to supply 
the amounts required, and this source of essential 10ns could not be removed 
by the procedures used here Further evidence bearmg on the magnesium 
lequuements of these orgamsms will be discussed later 
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Potassium — To prepare a potassium-deficient medium, the potassium 
phosphates of the basal medium were replaced by equimolar amounts of 
sodium phosphates, and the medium was pretreated once with Lactobacillus 
arabtnosus It is evident from Table IV that all of the organisms tested 
require potassium for growth 


Table III 

Response of Lactobacillus casei and Saccharomyces carlsbergensis to Magnesium tn 

Magnesium-Deficient Medium* 


Mg^ per 10 cc 


O-r 

0 1 Y 

ir 

100 y 


Galvanometer readings 


S carlsbergensis [ 

86 : 



1 1 

19 

L casei j 

41 1 

1 35 1 

34 1 

( 28 1 

27 


* The baaal medium with magnesium omitted was pretreated three successive 
times with Saccharomyces carlsbergensis 


Table IV 

Response of Lactic Amd Bacteria to Added Potassium in Potassium-Deficient Medium* 



0 y 

K+pe) 

IDO y 

1 10 cc 

1000 y 

10,000 r 


Galvanometer readings 

« — 

Lactobacillus arabinosus 

100 

94 

35 

33 

“ delhrueckii 

84 

67 1 

35 1 

32 

“ casei 

81 

62 j 

28 , 

25 

Slreplococcus faecalis 

88 

80 

68 

65 

Leuconostoc mesenteroides P-60 

94 

73 1 

69 j 

69 

“ “ 9135 

96 

88 

59 

53 

Lactobacillus pentosus 

93 

67 

35 

35 

“ fermenti 

89 

70 

57 

67 


* The baaal medium, with potassium salts omitted, was pretreated once with 
Lactobacillus arabinoaus 


The reqmrements of Lactobaallus caset and L delhrueckii appear some* 
what less than for L arabtnosus, and groivth of these orgamsms occurred to 
a slight extent in the tubes without added potassium This is undoubtedly^ 
due to residual traces of potassium m the medium, since on longer 
incubation orgamsms such as L arabtnosus also show some groivth m the 
“blank” tubes (Table V) Without added potassium, how ever, growth does 
not reach a m nMTniim , regardless of the period of incubation 
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The amount of potasbium required for maximum growth of these organ- 
isms agrees i\ ell with that found by others (4, 5) with different media How- 
e\er, this amount is somewhat higher than one would expect to be required 
for direct metabolic use Preliminary experiments indicate that factors 
other than the amount thus utilized contribute to the high requirement 
Iron — In no case did omission of iron from the medium affect growth 
dcleteriousl> Pretreatment of the medium with Saccharomyces carlsber- 
gensis reduced the amount of iron to a level slightly below' that required for 
optimal growth of this organism, but all of the lactic acid bacteria grew 
optimallj on this medium w ithout addition of iron From the known facts 
that lactic acid bacteria grow anaerobically, do not contain cytochrome, 
and are catalase-ncgatii c, it w ould be expected that if iron is required at all, 
it would be required in extremely small amounts 


Table V 

Relalton of Incubation Time to Potassium Requirement of Lactobacillus arabinosus 


K*' per 10 cc 

GaKanometer readings 

n bn 

Uhrs 

95 brs 

1 

^ 1 

0 1 

90 

76 

72 

10 1 

82 

72 

69 

50 

74 

64 

61 

100 

69 

58 

54 

500 

41 

31 

28 


Production of Mineral Deficiencies by Use of Crtrafe— Although sodium or 
potassium citrate has been used as a buffer in media for Streptococcus 
faecahs (13), its addition to media for certain other lactic acid bacteria is 
known to inhibit growth (11) The ability of citrate to form non-iomc 
complexes with certain metallic ions has long been recogmzed {eg (14)), 
and a closer investigation of its inhibitory action on microorgamsms seemed 
w'arranted 

Such investigation soon showed that inhibition could be prevented by 
addition of extra mmeral salts to the medium, and that the effective ions 
were Mn++ and Mg++ Illustrative data are given in Tables VI to IX 
These data were obtained on the basal medium described earlier, but with 
both Mn++ and Mg"*^ omitted, and pretreated once with Lactobacillus ara- 
binosus to remove traces of ]Vrn++ The growth response of L arabinosus 
and L casei to Mn++ in the presence and absence of added Mg++ is shown m 
Table VI The response of L arabinosus to Mn++ is essentially unchanged 
by addition of amounts of Mg++ up to 3 0 mg per 10 cc As noted earlier 
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(Table III), growth of L casei is enhanced by Mg++, but the amount of 
Mn++ necessary to achieve maximum growdh is nearly the same whether or 
not Mg++ IS added (Table VI) In the presence of citrate, these relation- 
ships are altered WithL ara6inosj/s (Table VII), much larger amounts of 
Mn++ are required to permit growth when citiate is present, when the 

Table VI 

Response of Lactobacillus arabtnosus and Lactobacillus casei to Additions of 
Manganese and Magnesium tn Medium Deficient in These Ions* 


Mn'*^ per 10 cc 



0 y 

0 1 Y 

1 7 

10 Y 

Galvanometer readings 

L arabinosus 

No added 

95 

86 

64 

31 


3 mg Mg++ added per tube 

94 

83 

62 

27 

“ casei 

No added Mg++ 

86 

69 

43 

33 


3 mg Mg++ added 

SO 

61 

34 

26 


* The basal medium, with both manganese and magnesium salts omitted, was 
pretreated once with Lactobacillus arabtnosus 


Table VII 


Effect of Varying Citrate and Magnesium Ion Concentration on Manganese Require-^ 
ment of Lactobacillus arabinosus* 






Mn++ 

per 10 cc 




10 7 

50 Y 

100 y 

110 7 

200 7 

250 y 

5007 

Galvanometer readings 

No citrate 

99 

29 


24 




M 

1% “ 

100 


95 

68 

28 

22 

21 


2% “ 

100 



98 

92 

91 

39 


2% “ -1- 100 7 Mg++ 

100 



80 

44 

34 

27 

m 

2% “ 4- 200 “ “ 

100 

75 

43 

36 


24 


■ 

2% “ + 300 “ “ 

100 

35 

29 



23 


m 


* Medium prepared as described in foot-note to Table VI Citrate was added 
after pretreatment 


amount of citrate present is doubled, the amount of Mn++ necessary is 
doubled With the addition of Mg+^, howe\er, the amount of Mn-^^ re- 
quiied IS gieatly deci eased, and with excess Mg^ present, the amount of\^ 
j\In'*^ required foi grow th is only slightly larger when citrate is present than 
in its absence 

With Lactobacillus casei (Table VIII), a similar reciprocal relationsmp 
exists In this case, how ever, manganese alone does not prevent inhibition 
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of growth by citrate, niagncijiura is also cbbcntial foi gtowth Magnesium 
lb undoubtedly ebtentnl albo in the abbence of citrate, failuie to observe 
more tlim i btiinul itory effect piobably icflccts its incomplete removal 
ironi the mcdnini 

S. comparison of the relationship of other lactic acid bacteria to manga- 
nese, nugnesium, and citiate is given in Table IX Ml of the orgamsms 
grow well in the presence of citrate when both Mn++ and Mg++ are present, 
only btrcptococcuii fatcahti grows in the absence of these added ions The 
other organisms resemble either Laclobacillus arahinosus or L caset m then 
beha\ior, or are intermediate between them 


Table VIII 

Effect of Conccnlralion of 'Manganeao and Magnesium Ions on Inhibition of Lacio- 

baallus caset by Citrate* 

Mn”' per 10 cc 


per 10 cc 


Ms " per 10 cc 1 

0 r 1 

1 '■ 

10 y 

I 100 7 1 

500 y 

1000 7 

10 000 r 


Galvanometer readings 

7 

0 

100 




98 

98 

98 

500 

95 




35 

27 


1000 


85 

54 

24 

22 

23 


1600 

81 

39 

35 

26 

23 




Mii*^ per 10 cc 

0 7 

300 y 

350 7 

400 7 

500 7 

1000 

100 

82 

49 

29 

24 

1500 

98 

65 

43 

26 

24 


* The medium was pretreated as described in the foot note to Table VI 2 per 
cent sodium citrate was added after pretreatment 


It IS logical to assume, by analogy with its effects on blood coagulation, 
that citrate enhances the requirements of these oigamsms for manganese 
ind magnesium because it forms complexes with these ions which are un- 
available for giowth Known complexes of citrate with metallic ions de- 
irease in stability as the pH is loweied (14) This is consistent with the 
ibservation that piogiessively less manganese is requiied to counteract the 
nhibitory effect of citiate as the imtial pH of the medium is lowered (Table 
S) The foimation of similai complexes with citrate could also explain the 
ibservation that magnesium exerts a spanng effect on the lequirement for 
nanganese (and vice versa) m the presence of citrate, but not m its absence 
)ther bivalent metallic ions which form complexes with citrate also should 
lave some effect in this direction Most of these are toxic, and could not 
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be adequately tested Ca++, however, is about one-thirtieth as efifective as 
Mg++ m this respect for L arabinosus An interesting incidental observa 
tion made in connection with these studies was that Zn++ and Ni++ showed 

Table IX 

Effect of Citrate on Response of Several Lactic Acid Bacteria to Manganese and 

Magnesium* 


Micrograms ton added per 10 cc 


Mg«- 

0 

0 

0 

1000 

0 

10 000 

1000 

0 

10,000 

0 

1000 

1000 

1000 
10 000 


Galvanometer readmgs 

Lactobacillus casei 

100 

99 

89 

98 

99 

32 

26 

“ arabinosus 

100 

100 


25 

27 

25 

50 

“ delbrueckii 

100 

100 


82 

55 

37 

28 

Streptococcus faecahs 

63 

62 

1 96 

56 1 


42 I 

55 

Leuconosloc mesenleroides P-60 

100 

100 

97 


63 

59 

57 

“ “ 9135 

99 

100 

99 

50 

45 


47 

Lactobacillus fermenti 

100 

99 


93 

69 

75 

61 

“ pcntosus 

100 

99 

99 

23 

20 

20 

22 


• 2 per cent sodium citrate added to a medium prepared as described in the foot 
note to Table VI 


Table X 


Effect of pH on Availability of Manganese to Lactobacillus arabinosus in Presence of 

Citrate* 



1 Mn^ per 10 cc 

pH 

0 7 

100 T 

200 y 

300 y \ 

400 y 

JHJ8 


Galvanometer readings 

7 0 

99 



48 

34 


6 5 

100 


97 

55 

33 


6 0 

100 


85 

41 

26 


5 5 

100 

91 

48 

29 

24 


5 0 

100 

48 

29 

28 

27 



* 2 per cent sodium citrate added to the medium prepared as described in 


Table VI 

much less toxicity in the presence of citrate than in its absence, whereas 
Cu"^ was slightly more toxic when citrate was present 

Manganese Requirement of Streptococcus faecalis — ^Although S faecahs 
was stimulated by addition of Mn++, both on citrate-free and citrate-con- 
tainmg media, good growth without its addition occurred in both instances 
To determme whether manganese was essential, the double strength basal 
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medium was pretreated with Lactobacillus arabinosus for 24 hours After 
removal of the cells, sodium citrate (4 per cent of the double strength 
medium) was added, and the medium was sterilized and inoculated wth a 
■saline suspension of washed <S faecalis cells i\iter 24 hours, during which 
considerable grow th occurred, the cells were centrifuged out and this doubly 
pretreated medium used to determine the response of S faecalis to manga- 
nese The results are given in Table XI The growth-enhancing effect of 
manganese additions is clearly visible When growth ceased at about 72 
hours, the cultures with added manganese had growm much more than the 
unsupplcmentcd tubes It is tentatively concluded that S faecalis, too, 
requires manganese for growth, but in far smaller quantities than do the 

Table XI 


Response o/ Streptococcus faecalis to Manganese in Pretreated Medium Containing 

Sodium Citrate* 


IflCuhatiOQ : 
period 

Ma^ per 10 cc 

0 r 

0 01 7 

0 03 r 

0 It 

OJ 7 

37 

100 7 


Galvanometer readings 

Mrs 








12 

88 

88 

84 

83 

82 

81 

77 

72 

82 

77 

70 

70 

66 

60 

67 

110 

83 

77 

70 

70 

65 

63 

66 


• The basal medium, with manganese salts omitted, was pretreated once with 
Lactobacillus arabinosus, 4 per cent of sodium citrate was then added to the double 
strength medium, and the pretreatment repeated once with Streptococcus faecalis 


lactobacilli This conclusion must remain tentative, however, smee growrth 
op this final medium w'as slow, and did not reach maximum levels even with 
added manganese 

Phosphate Requirements of Lactic Acid Bacteria — To establish the amount 
of phosphate necessary for growth, the basal medium was modified as 
follows Sodium citrate was added at a level of 100 mg per 10 cc of final 
medium, phosphates were omitted, and 5 mg of magnesium sulfate and 5 
mg of manganese sulfate were added per 10 cc of medium The enzymatic 
casein digest was replaced by a pancreatic fibrin digest^ at a level of 75 mg 
per 10 cc The meium was pretreated once with Lactobacillus arabinosus 

* 120 gm of fibnn were suspended in 2 liters of 0 8 per cent NaHCOj 1 gm of 
pancreatin m 20 cc of water was added, and the mixture incubated under toluene at 
37° for 4 days The hydrolysate was steamed at 100° for 30 minutes, cooled, and fil- 
tered Precipitates were removed as they appeared when the pH was dropped to 
3 5 with HCl The hydrolysate was adjusted to pH 6 5 It contamed about 17 mg 
of sohds per cc 
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The response to added KH 0 PO 4 was then determined for eight lactic acid 
bacteria (Table XII) A phosphate deficiency sufficient completely or 
nearly completely to inhibit the growth of all organisms except Streptococcus 
faecalts, L casei, and L delbruecktt was obtained In general, these three 
organisms also showed a greater lesponse to small additions of phosphate 
than did the other orgamsms For maximum growth, most orgamsms re- 
qune about 3 mg of PO 4 ® (eqmvalent to 4 39 mg of KH 2 PO 4 ) per tube 
Separate experiments shoi\ed that prolonging the mcubation period from 

Table XII 


Response of Eight Lactic Acid Bacteria to Additions of Phosphate in Phosphate-Free 

Medium* 



POi“ per 10 cc 

0 y 

ISO y 

600 y 

1500 7 

3000 7 

Galvanometer readmgs 

Lactobacillus arabinosus 

97 

96 

38 

25 

23 

“ delbrueckii 

87 

79 

43 

34 

28 

Streptococcus faecalts 

86 

82 

67 

63 

62 

LaclobaciUus casei 

78 

51 

27 

21 

19 

“ fermenli 

90 

79 

55 

53 

52 

“ peniosus 

98 

80 

38 

30 

28 

Leuconostoc mesenleroides, P-60 

97 

75 

45 

40 

38 - 

“ “ 9135 

99 

94 

62 

50 

52 


* The basal medium, with fibrin digest substituted for the casein digest and with 
phosphate omitted, was pretreated once with Lactobacillus arabinosus (see the te^t) 


24 hours to as long as 95 hours decreased the phosphate requirement only 
very slightly 


DISCUSSION 


It IS evident fiom the results cited above that in some cases a deficiency 
in essential inorganic ions can be obtamed in a complex medium by prelim- 
inary growth m the medium of an orgamsm lequirmg the ion for growth 
The abilitj of an orgamsm to reduce the concentration of an essential ele- 
ment to a level which will no longer support giowth of that organism 
depends upon the concentration of the ion present as a contammant m the 
medium and on the magmtude of the requirement of the orgamsm for maxi- 
mum giowdh If the former concentration is high relative to the latter 
reqmrement, a single pretreatment of the medium, and perhaps severa 
successive pretreatments, null not render the medium free of the ion It m 
also evident that a medium sufficiently free of an element to demonstra e 
the requuement for it by one orgamsm may contain sufficient of the niinera 
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to permit gro\\ th of other organisms Ladobaallus casei and Streptococcus 
faccahs, for example, grow fairly well on a medium which contains insuffi- 
cient manganese to support growih of Lactobacillus aralnnosus, although 
both of the former organisms also appear to reqmre manganese for growdh 
For successful application of the pretreatment procedure used above for 
the preparation of deficient media, it is apparent that the morgamc ion (or 
other substance) to be removed must be the sole essential substance present 
in limiting amounts Otherw ise, a multiple deficiency may be encountered 
Similarly, the orgamsm used for the absorption must not produce, dunng 
growth, substances which will inhibit growdh of organisms subsequently 


Table XIU 

Companaon of Amounla of Inorgantc Salts Commonly Employed tn Assay Media 
with Amounts Necessary for Maximum Growth 



Amounli ccnnznonly 
empIo>cd ia amy 
media* 

Amounts found necessary for mitTimnm 
growth in present study 

Acetate buffer 

2 per cent citrate 
buffer 

7 

32 5 

10-100 

lO-lOOOt 

" 

197 4 

0 

0-1600t 

Fo++, “ 

20 1 

0 

0 

K'*’, mg 

7 36 

10 

10 

Na+, 7 

39 3 



PO 4 ", mg 

12 4 

3 

3 


• Speakman'a aolta in the concentrations customarily employed in assay media 
t The amount of Mn++ required in the presence of citrate depends on the amount 
of present For Lactobacillus casei, at least 600 y of should be present 
per 10 CO (see the text) 

introduced into the medium With the media and organisms used in this 
work, only one possible example of interference from one of these sources 
was encountered, viz Streptococcus faecalis failed to grow optimally (after 
supplementation with manganese) on a medium which had been pretreated 
first with Lactobacillus arabinosus, then wuth Streptococcus faecalis itself 
The reason for this is not yet knowm In no other case was a depressing 
effect on growth of an orgamsm by preliminary pretreatment of the medium 
with the same or another oigamsm encountered 
It IS highly probable that the lactic acid bacteria reqmre morgamc ions m 
addition to those showm to be essential by this mvestigation An absolute 
requirement for magnesium, foi example, could not be demonstrated by thp 
pretreatment procedure alone, and it was only through the complex-forimng 
action of citrate that requirement foi this cation could be demonstrated 
No precautions have been taken in the present mvestigation to el im i n ate 
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the inorganic ions furnished by glassware, etc , to the organisms The re- 
quirements demonstrated above, are, therefore, minimal requirements of 
the orgamsms tested, and probably represent those morgamc ions which 
are required in the largest amounts for growth 

It IS interestmg to compare the amounts of the morgamc ions commonly 
added to assay media with the amounts found necessary to promote optunal 
growth of the orgamsm Avith the highest reqmrement in the present study 
This comparison is made in Table XIII For maximum growth in 24 hours, 
concentrations of manganese ion and of potassium ion previously used have 
been margmal for some orgamsms, the remainder appear to be present in 
adequate amounts The figures m Table XIII were determined after a 24 
hour incubation period, frequently longer mcubation periods are used, 
which result m a shghtly decreased requirement for the morgamc ions 

SUAIMART 

Under favorable circumstances, growth of an orgamsm m a complex 
medium can be used to remove completely from the medium traces of a 
substance essential for growth of that orgamsm 

By this procedure it has been shown that Mn++ is essential for Leuconostoc 
mesenter aides, all lactobacilli, and probably for Sirepiococcus faecalis Po- 
tassium ion IS also required m comparatively large amounts by all lactic acid 
bactena investigated The level of phosphate required by lactic acid_ 
bacteria for groivth in an adequately buffered medium has also been 
established 

With this procedure it was possible to show that magnesium stimulated 
growth, but not that it was essential The amount of ma^esium required 
for growth of the lactic acid bactena is certainly less than that requued by 
yeast Addition of ferrous iron to an iron-low medium neither enhanced 
nor inhibited growth 

Citrate inhibits growth of lactic acid bactena when added to the medium 
in large amounts This inhibition of growth can be prevented by mcreasmg 
the amounts of manganese and of magnesium present m the medium, and 
appears due to the action of citrate m fornung complexes wth essential 
metafile ions For some orgamsms, manganese alone prevents the “toxic 
action of citrate, for others, both manganese and magnesium are essential 
The amount of manganese required is, however, always decreased by addi- 
tion of magnesium It can also be decreased by addition of other bivalent 
metallic ions, such as calcium, which form complex ions with citrate ^ 
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'11 il’ IMIIiliriOX OF Pl'EROYLGLUlAMIC ACID CONJUGASE 
VXD lib UlOVEKbVL 'HIE EFFECT OF NUCLEIC ACID- 
VNi:) hi LFII'i Din L-COMBINING REVGENIS 

111 VIJtGINIV MIMS, MAUIAN L SWENDSEID, a.vd 0 D BIRD 
0 rom the Itcsrarch Laboratories of Parke, Davis and Company, Detroit) 

(Recoiled for publication, June IS, 1947) 

V\e line cilkd ittention to the picscnce in natmal matenals of an 
inliibiting Mib'.t uite oi subst inccs ilTecting pteroylglutamic acid (PGA) 
Lonjug i>c from liog kidney and have demonstrated the inhibitor content of 
jciiit c\trict (I) Suns md Totter hav'e found (2) that a glutamic acid 
polypeptide of p innnobenzoic acid from 3 'east was inlnbitory toward 
PG V conjiign-e derived from clucken pancreas and rat liver These in 
inlro cNpenmcnls hive been supplemented by the observation that crude 
3 'c ist c\tr lot reduces the evpected excretion of PGA by normal persons 
following its ingestion with inhibitor-free PGA hevaglutamyl conjugate 
(PIIGA) (3) 

V further studj^ of the PGA conjugasc inhibitor has been made because 
of its wide distribution in natuial matenals and its possible physiologic 
significance Following preliminaiy work with concentiates of the 
'inJiibitor from natural substances, nucleic acid, either of the nbose oi 
dcsovjnbose tj'pe, was found to be a strong in vitro inhibitor of PGA 
conjugasc Tins conjugise-inlnbiting action of nucleic acids was destroyed 
by treatment with specific enzymes, namely iibonuclease oi thymonucleo- 
depolymerase, or by the addition of some reducing agents Further, 
substances knowm to inhibit enzymes with active sulfhydryl groups have 
been shown to inhibit PGA conjugasc In vivo, certain preparations of 
nucleic acid have icduccd the expected excretion of PGA w^hen PHGA 
was administered to normal subjects The purpose of this paper is to 
desciibe our experiments leading to these findings 

1 XPERlMEiXTAL 

Methods for in 1 itio Experiments — The conjugase preparation used for 
most of these experiments w'as made by extracting hog kidney with 3 
volumes of w'ater, as described previouslj’’ (1) The substrate was either 
a concentrate of PHGA from yeast or ciystalhne PHGA * Enzyme 
incubations to test for inhibitory activity were generally carried out as 
follows 5G 5 7 of PPIGA, equivalent to 20 y of PGA, w^ere dissolved in 
2 5 cc of 1 pel cent sodium acetate buffei of pH 4 5 An estimated 

^ ICindly supplied by Dr J J Pfiffner of these laboratories 
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amount of the substance to be tested as inhibitor and 0 1 cc of the hog 
kidney extract weie added The volume was made up to 5 cc and in- 
cubated 18 horns at 37° m a water bath The PGA fieed fiom its conjugate 
dunng this incubation was determined by assay mth Streptococcus faecahb 
Conti ols for the various substances used as inhibitois were set up nathoiii 
conjugase to detect any possible effect on Streptococcus faecalis 

Concent! ahon of Inlnhitor — The inhibition of PGA conjugase fiom hog 
kidney was found to be proportional to the amounts of natural inhibitors 
piesent in the incubation mixture, such as yeast extract oi molasses 
This is shown in Table I Since molasses nas low in PGA content, it 
w^as used as a souice of the inhibitor foi concentration One lot of molasses 
ivas set aside to be used as a standard to compare the inhibitor content of 
diffeient matenals and to follow the concentration 

600 cc of molasses weie dialyzed 72 houis in lunning tap w atei and then 


Table I 

Relation of Degree of Inhibition of Pteroylglutamic Acid Conjugase to Amount of 

Ifatural Inhibitors Present 


Molassea 

PGA released in 18 hrs 

Yeast extract 

PGA released m 18 hrs 

cc 

r 

mz 

r 

0 

15 5 

0 

14 0 ' 

0 02 

11 5 

0 

6 0 

0 04 

7 5 

10 

2 5 

0 06 

6 0 

15 

1 5 

0 1 

4 5 



0 2 

1 0 





concentrated in vacuo This reduced the inhibitor content only shghtly 
30 2 gm of (NH 4 ) 2 SOi pei 100 cc wme added to make 40 per cent satura- 
tion After standing 2 houis the mixtuie was centiifuged at high speed 
and the hquid discarded The piecipitate w as dissolved in w'ater and again 
chalyzed against runnmg w'atei This lesulted m a 60-fold concentration 
Ihe concentiate gave positive Mohsch and Bial leactions and thedesoxj- 
nbonucleic acid content as deteimined by the diphenylamine reaction (4) 
w as high These findings led to the te “^ting of nucleic acid as an inhibitoi o 
PGA conjugase fiom hog kidnej 

In Vii) 0 Experiments with Nucleic Acid As Conjugase Inhibitor — -Different 
samples of thymus nucleic acid and yeast nucleic acid weie tested andfoun 
to be strong inhibitors of PGA conjugase from hog kidney Thymu-S 
nucleic acid prepaied by Hammarsten’s method was the most poner u 
inhibitor stuched These data aie shown m Table II The assay o^ 
inhibitor content was made by incubating, simultaneously, three levels o 
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the niittiiil to bo to^'trd iiul foui lovcL of the btandaid molasses with 
( onjiij; L L iiul PIIG \ '•ubslr ito m the mannei desci'ibed above Follo^ving 
ill)" the iinount of PGA rtleised m cich tube wa* assayed in the usual 
in uiiu 1 , tin d.it i foi the st uid ud were then plotted, and the concentiation 
of inlulntor iii tlie unknown deteinuned fiom this curve 

'I'lu "iKhum " dt of thymu" nueloie aeid was piepaied leeoiding to the 
inotliod of llunniir^ten (5) 'llu-, pieparation gave a negative biuiet 
ti't Xo sullur could 1)1 deteeted with i micromethod accurate to 0 003 
per lint lug 1 "hows i good pioportionality between the amount of 
muleic uidu-'td is inhibitor ind the inhibition pi oduced This inhibition 
continues reg adieus of the length of incubation Foi this experiment 
crjst ilhiii' PlICi V w Is Used is the "Ubsti ite, and the incubations wnre 
c irned out is desi nbed 

Fig 2 "hoW" the uiiproe il ot the \eloiitv ot the leiction plotted against 


1 IBLh II 

Cum imn lull u/ /ii/ii6i(or Ictivilij of iiomc Natural Subslancci> 


‘Source of inhibitor 

Relative inhibitor activity* 

ir imnmrsten's thjmus nudcic acid 

160 

Lcienc's tli\iinis nucleic uid 

100 

ii)t uuclcie and * 

70 

►-Concentrate of inliiintur from molusses 

60 

Aorit cluiitc from lipc III jc ist extract 

32 

I iver extract (VOSo alcohol insoluble) 

10 

Tipo III JC ist extract 

7 6 

Difco jeast extract 

2 


* Molasses = 1 


the lecipiocal of the substiate concentiation in the piesence and absence of 
nucleic acid Ciystalhne PHG was also used for the substiate m this 
experiment Each tube contained 0 02 cc of the hog kidney extract, the 
substrate, and 2 5 cc ot 1 pei cent acetate buffei of pH 4 5 in a total volume 
of 5 cc The initial velocity was found by assaying samples taken at 30 
minutes, 1 lioui, and 2 hours In this plot stiaight lines aie formed, which 
IS in accoi dance with Linew caver and Bulk’s pi oof (6) of competitive 
inhibition Fiom this we can conclude that an enzyme-inhibitoi complex 
IS foimed which is not leveised duimg the reaction 

The relation of viscosity to inhibition was studied Solutions of gelatin 
^ and of agai which ivere much moie viscous than the nucleic acid solution 
did not inhibit PGA conjugase Table III shows that the viscosity of 
nucleic acid can be changed by non-enzynuc methods without sigmficantly 
altering its conjugase-mhibitmg action 
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The effect of nucleic acid on PGA conjugase fiom several tissues othei 
than hog kidney was studied and the results are shown in Table IV The 
reactions weie earned out at the optimum pH for each enz3nie In the 
ease of rat hver conjugase pH 7 6 was used in addition to the optimum pH 
of 4 5 Comparatively httle enzyme activity for PHGA is evidenced at 
this pH, which is contrary to repoits in the literature However, in these 
reports inhibitor-containing yeast extracts were used as substrates It is 



Fig 1 Inhibiting effect of Hammarsten’s thjTnua nucleic acid on hog kidney 
conjugase The reaction mixtures contained 56 5 7 of PHGA, 2 5 cc of 1 per rent 
sodium acetate buffer of pH 4 5, 0 1 cc of conjugase solution, and the indicated 
amounts of th\mus nucleic acid 


hkely that at pH 7 6 the depolymeiase enzyme (optimum pH 7 1) con- 
tamed m the ciude rat hver prepaiations destroyed the inhibitor, mtn 
a resultant greatei release of PGA than when the reaction was coined out at 
pH 4 5, at vhich point the depolymerase activity u ould be neghgible 
The chicken pancreas enzyme u as punfied by the method of Miirs an 
Laskonski (7) This punfied enzyme has an optimum pH of 7 8 and very 
httle actmty at pH 4 5 
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Antinihibilor Aclton of Enzymes — The inhibiting action of thymus 
nucleic icicl \\ us cicslroycd by ticatment with thymonucleodepolymerase 



Fia 2 Velocity of PGA conjugaae from hog kidney acting in mixtures of substrate 
and thymus nucleic acid in different proportions Curves A, B, and C represent 
reaction mixtures containing 0 01, 0 05, and 0 1 mg of thymus nucleic acid respec- 
tively 1/S represents the reciprocal of the substrate concentration (molar con- 
centration of PHGA) given in millions, 1/7 represents the reciprocal of the velocity 
(moles of PGA released per hour per mole of PHGA) given in tens of millions 

and that of yeast nucleic acid by ribonuclease Also the inhibitory content 
of crude yeast extract was greatly lowered by treatment xvith these enzymes 
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Table VII 


Inhibition of Conjugase by Sulfhydryl-Combining Reagents and Reversal with Cyitm 

Inhibitor present 

Concentra 
tion of 
inhibitor 

PGA released m 18 hrs 

Experiment 1 | 

Eipenintiit2 

No reducing 
agent added 

Cysteine 

added* 

\o reducing 
agent added 

BU. 

aJdtit 

None 

3- Anuno-4-hy droxybenzenear- 
senous acid 

Arsemc trioxide 
p-Arsenosobenzoic acid 

4- Arsenosophenylurea 

Disodium 2-carboxy-4-hydroxy - 

mercuriphenoxyacetate 

Sodium bromoacetate 

0 001 

0 0001 

0 001 

0 001 

0 001 

0 0001 

0 001 

per cent of 
maximum 

100 

s 

60 

50 

60 

60 

0 

8 

per cent of 
maximum 

50 

100 

100 

100 

100 

50 

50 

per cent of 
maximum 

100 

0 

29 

12 

12 

19 

21 

ptfttut} 

. EUW ^ 

Is 

Si 

100 

Id) 

so 

90 


* Cysteine was added in an amount equal to 10 times the molar concentra 


the inhibitor used . , jii 

tBAL (2,3 dimercaptopropanol) was added in au amount equal oo 
molar concentration of the inhibitor used 


Table VIII 

Effect of Nucleic Acid on Lrinary Excretion of Pleroylglutamic Acid o 



EicreUon per 21 h 


Subject 1 

Subject 2 

2 mg PHGA* 

7 

593 

7 

426, 495 

2 “ “ + 1 gm thy mus nucleic acid 

(Hammarsten)* 

662, 522 

573, 290 

2 mg PHGA + 1 gm thymus nucleic acid 
(Levene) 

78 

150 

2 mg PHGA + 1 gm depolymerized thy - 
mus nucleic acid (Levene) 

4 mg PHGA 

4 “ “ + 2 gm yeast nucleic acid 

(Schwarz) 

843 



SnbjttO 


123 


16o0 

lo92 


* When tw o excretion values occur in a column they represent rep 
ment on the same individual at various time intervals 

j jq 

demonstrate the sulfhydryl groups m an enzyme were 'jTii 

PGA hog kidney conjugase These results are shown m Tab e 
inhibition could be reversed by cysteine and 2,3-diniercap 
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(B \L) For thib expcnmcnt the compounds were added directly to the 
enzyme cxlrict and allowed to stand 10 minutes, then ahquots were trans- 
ferred to the tubes containing cysteine or BAL, the substrate, and buffer 
mixture 

In 1 110 ExptrimcnL with Nucleic Acid As Conjugase Inhibitor — ^Previous 
work (3) h is suggested that the possible effect of PGA conjugase inhibitors 
tn VIVO can be studied by deterimmng whether these substances when 
administered with PIIGA lower the expected unnary excretion of PGA 
Smcc nucleic acid has now been found to be an inlnbitor of PGA con- 
jugasc tn litro, its tn vivo action was tested by this method 

The data from Table VIII show that when thymus nucleic acid prepared 
by the Levene method and PHG-V were administered to normal subjects 
the unnary excretion levels were low’er than when PHGA was given alone 
Thymus nucleic acid punfied according to Hammarsten and a commercial 
sample of yeast nucleic acid did not consistently have this effect on PGA 
excretion levels When tlij'mus nucleic acid (Levene) was treated with 
thymonucleodepolymeruse, its apparent action tn vivo on PGA conjugase 
systems was destroyed, as evidenced by the fact that it no longer af- 
fected PGA excretion following PHGA admimstration 

DISCUSSION 

Grecnstcin and Chalkley (13) and also Zittle (14) have found that 
nucleic atid inhibits certain reducing enzymes The inhibition of PGA 
conjugase from various tissue sources by nucleic acid as reported here 
indicates that its inhibitoiy effect is not confined to the enzymes concerned 
with reduction, since PGA conjugase is considered to be a hydrolytic 
enzyme (15) Unlike the mliibitions described by Greeustein and Chalkley 
and Zittle, the inhibiting action of nucleic acid tow'ard PGA conjugase is 
removed by specific deploymcrizing enzymes Thymonucleodepolymerase 
removed the inhibiting activity of thymus nucleic acid but had no effect on 
yeast nucleic acid, while ciystallme nbonuclease inactivated yeast nucleic 
acid and not thymus nucleic acid These obseivations indicate that the 
nucleic acid molecule itself and not a contanunant is lesponsible for PGA 
conjugase inhibition 

The reduction in inhibiting action of yeast extiact by depolymerases is 
evidence that nucleic acid is the substance m yeast extract that is in large 
part responsible for the tn vitro inhibition of PGA hog kidney conjugase by 
yeast extract It is not readily apparent whether the PGA conjugase 
inhibitor studied by Sims and Totter (2), in the concentration present m 
yeast extract, affects hog kidney conjugase 

Greenstem and Chalkley (13) noted a decrease in nucleic acid inhibition 
for reducing enzymes after treating highly polymenzed nucleic acid with 
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hydrosulfite We fmd that both thymus nucleic acid and yeast extract lose 
their inhibitoiy action against PGA conjugase after being treated' ivith 
reducing agents 

The inhibition of PGA conjugase unth sulfhydryl-combining reagents 
and the leveisal of this inlnbition uuth cysteine and BAL indicates that 
PGA conjugase fiom hog ladney piobably contains an active sulfhydiyl 
gioup It might be concluded that the enzyme-inhibitor complex which 
forms with nucleic acid involves this group The presence of a sulfhydiyl 
group could explain why there was a laige loss of activity on attempting 
to punfy this enzyme (1) 

It has not been possible to demonstrate the inhibition of punfied PGA 
conjugase from chicken pancieas by nucleic acid The suggestion that 
this conjugase fiom chicken pancieas is an entirely diffeient enzyme than 
that found in the othei tissues has already been made (1, 7, 16) The 
fact that conjugase from chicken pancreas is not inhibited by nucleic 
acid adds evidence to this view 

It has been shown that Levene’s thymus nucleic acid i educes PGA 
excretion from expected levels foUowmg its ingestion with PHGA and that 
this effect is destioyed by tieatment wnth depolymerase enzyme This is 
some evidence that a nucleic acid in its polymerized form has an in vno 
effect on conjugate cleavage However, othei preparations of thymus 
nucleic acid and also yeast nucleic acid, although they aie particularly^ 
active in viiio against PGA conjugase, have apparently no effect in vivo 
No explanation can be given for the varying action of these different nucleic 
acids on PGA conjugase systems in miro and in vivo 

We have not been able to destroy completely the in vivo PGA conjugase 
inhibition of yeast extiacts by treatment with the depolymeiases, and it is 
possible that other inhibitois inth in vivo action are present 

These studies, shovnng the in vih o and the less well defined in vivo effect 


of nucleic acid on PHGA cleavage, present the possibihty that, since 
nucleic acid is a univeisal cellular constituent and since PGA occurs in body 
tissue mostly in the conjugated foim, nucleic acid of some type may be 


a regulating mechanism for the lelease of free PGA vuthin the cell 
We have found that the results of the experiments leported here can be 
used to advantage in the microbiological assay of PGA in natural matena s, 
vhich contain the intamin laigely in a conjugated foim The most 
effective method of releasing PGA from its conjugate is by enzymatic 
tieatment mth a source of conjugase, a procedure that is greatly influencet 
by the piesence of conjugase inhibitois (1) These studies indicate that t e 
effect of nucleic acid as a conjugase inhibitoi can be negated either ly 
treatment ivith specific enzymes or, more practically, by the addition o 


cysteine or hydrogen sulfide 
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sUMMAUl 

'I lie utiMtiL', of pteroylglut imic acid conjugase inlubitoi ot several 
^nalunl siibst imes were cojiipiied in vitro A concentrate of the inhibitor 
"prep ircd fioni mol u-hcs w.is found to contain a large proportion of nucleic 
iciil 1 hj mus uid j c'lst nucleic iculs were shown to be strong inhibitors 
of PC'i conjugi'-c from liog kidney, hog intestine, rat hvei, and himian 
leucoi \ t( s '1 he inhibition is competitive in n ituie 

Xucicic icid did not inhibit purified PG k conjugase fiom chicken 
p uicrcMb 

1 he mlubitiiig clTects of thymus nucleic acid, yeast nucleic acid, and yeast 
i\lrict ueic dcstroved bj' mcubition with flepolymeiizing enzymes oi by 
ti'citment with i educing igcnts 

Ibc jirc'-encc of an actnc sulfhydryl gioup m PGA conjugase from hog 
kidiici '' >3 indicated 

In vno PG V conjugase inhibition by nucleic acids did not evactly parallel 
the inhibition obscncd in vitio Ilowevei, the nucleic acid preparation 
which inhibited in vuo PGA conjugase, as evidenced by decreased PGA 
eurction levels, ''bowed no inhibiting effect after treatment with depoly- 
mcnzing curynie 
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COBALT METi\BOLISM STUDIES 

IV Tissue DISTKIBUnON OF RADIOACTIVE COBALT ADMINISTERED 
10 RABBn'S, SWINE, .IND YOUNG C.VLVES* 

Bi C L COMUl VND GEORGE K DAVIS 
(trom the Florida IgrtcuUural Experiment Station, Gainesville) 

(Bcccucd for publication, May 17, 1047) 

In\ Ciilig It ions on tlic role and beha\aor of cobalt m the animal body have 
been uiulei t d^en in thii> labor vtory, owing piimaiily to recognition of cobalt 
16 i trice dietary’’ Cbsentnl in the lummant diet The employment of 
rulioactiic ibotopes in thib btudy has oveicome many of the inherent limi- 
t itioiib imposed by the use of chemical methods ivnth a system wherein such 
a bin dl amount of the clement is phj'siologically involved 
The metabolic role of cobalt presents many interesting aspects A spe- 
cies difference is suggested by the obseuation that, while cobalt is a dietary 
esscnti d for the rumin int, there is no definite evidence that such is the case 
for the non-ruminant (I) /Vlthough it is not knoivn whether cobalt is es- 
sential for the normal functioning of the hematopoietic organs, the well 
known action of cobdt in stimulating erythrocyte formation m non- 
mnnn ints (2) indicates that a mechanism does e\ist wheieby cobalt could 
be elTeclive m this manner Recently the toxicity of cobalt to workers in 
the steel industry has become an important problem requirmg knowledge 
as to cobalt distiibution in the body In general, data on the tissue distri- 
bution of radioactnc materials m animals must always serve as a startmg 
point foi consideration of possible therapeutic and diagnostic uses, and the 
present information on cobalt may be of value m that connection 
Previous publications in this senes (3-5) have described proceduies with 
radioactive cobalt for large as well as small animals and have presented data 
on the excretion and tissue distiibution of cobalt admmistered to mature 
cattle Wlien the labeled cobalt was mjected into the jugular vem, the 
accumulation m all of the tissues was sufficient for satisfactory measure- 
ment Howevei, practically none of the orally admmistered cobalt was 
detected in the various tissues, owmg to poor absoiption fiom the tract and 
the fact that the amounts of radioactive cobalt used were small m relation 
to the size of the animals, which weighed up to 600 pounds 
This paper reports findings wnth young calves in which larger activities 
per unit of body weight were employed so that a more complete picture was 

♦ Published with the permission of the Director of the Florida Agricultural Experi- 
ment Station 
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obtained as to the tissue distribution of cobalt absorbed from the tiact 
Smulai data on sivine and labbits are presented for species compaiison 

EXPERIMENTAL 

The radioactive cobalt was supplied by the Radioactivity Center of the 
Massachusetts Institute of Technology thiough the couitesy of Di Eobley 
D Evans and Di John W Irvine, Ji It was piepared by bombardment 
of iron wnth deuteions, and was obtamed as a punfied solution of cobalt 
chloiide, consisting of a muxtuie of three cobalt isotopes having a half life 
1 angmg fi om 65 to 270 days The pi epai ation contained 3 mg of cobalt w ith 
an mitial specific activity of 10,680 miciogiams (y) of ladium y-iay equiva- 
lent per mg The measurements heie lepoited veie sensitive to 0 0002 
to 0 0004 7 of cobalt The samples veie ashed, the ash bi ought mto 
solution, and the activity measured vith a dipping type Geiger-Muller 
coimtei tube, the details of this proceduie have been described earhei (5) 

Results 

Tissue Distribuhon m Young Calves — Two noimal 30 day-old Jersey bull 
calves, each weighmg 47 pounds, were used m this study, they were on a 
ration of whole milk One wms given a jugulai mjection of 60 y of ladio 
active cobalt in 1 ml of solution and saciificed aftei 17 houis, while the 
othei leceived the same dose orally in the milk and was sacrificed after 5_ 
days The procedure for the slaughter of the animals and the handlmg of 
the tissues has been described in an earhei publication (3) 

Table I presents the tissue concentrations obtamed and the percentages 
of the dose contamed in the whole tissue or organ The concentration 
lalues have been calculated on the basis of 100 y of cobalt dosage for 
comparative purposes The distiibution of the injected cobalt is m most 
respects similai to that reported previously for the mature anmials (5) 
The cobalt was almost completely removed from the blood, the pathimy 
being indicated by the high concentrations found in the mine, kidney j 
liver, and bile The percentages of the dose in the blood and liver were 
0 43 and 25 6 respectively, w hich are of the same order of magnitude as 
prevaously lepoited foi mature animals The highest concentiations 
were found m the livei, adrenals, thyroid, intestmal lymph glands, lung, 
pancreas, and spleen Only small amounts weie found in the brain, eye, 
muscle, bone, and teeth 

The cobalt concentration in the pancreas was about one-fouith that m the 
liver and about twace that in the spleen The concentration m the red bone 
marrow was about one-half that in the spleen and 3 times that of the white 
bone marrow The ligament and cartilage showed greater cobalt accumu- 
lation than (hd the muscle tissue The abomasum show ed the highest con- 
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Table I 

Distribution of Labeled Cobalt Utimmslcred to Young Calves {Dosage 60 y of Cobalt) 


Tiiiuc 

Ifijection (sacnHccd 
after 17 ha ) 

Oral administration 
(sacrificed after S days) 

7 per 100 
gsn fresh 
weight per 
100 7 dosage 

Per cent of 
dose m 
\>hoIe tissue 

7 per 100 
gm fresh 
u eight per 
300 7 dosage 

Per cent of 
dose in 

. whole tissue 

Pituitary 

♦ 

0 

« 

0 

Thjroid 

0 47 

0 017 

0 12 

0 0047 

Tliyinu^ 

0 22 

0 093 

0 038 

0 021 

Idrcnals 

0 SO 

0 030 

0 24 

0 0083 

Peprodutixo or^Ana 

0 18 

0 044 

0 044 

0 on 

Brain 

0 038 

0 093 

0 014 

0 031 

Eje 

0 049 

0 023 

0 012 

0 0039 

Intestinal Ijrapli glands 

0 33 


0 075 

Heart 

0 21 

0 30 

0 065 

0 095 

Blood 

0 035 

0 43 

0 012 

0 19 

4orta 

0 20 

0 034 

0 070 

0 039 

Lung j 

0 42 

1 65 

0 15 

0 79 

Trachea 

0 24 

0 34 

0 11 

0 076 

Kidney 

0 97 

1 85 

0 17 

0 33 

Bladder 

0 19 

0 065 

0 025 

0 0048 

“ urine 

38 3 

46 7 



Tongue 

0 089 

0 057 

0 015 

0 016 

"■Esophagus 

0 11 

0 038 

0 032 

0 087 

Ibomasum 

0 33 

0 54 

0 060 i 

0 087 

“ contents 

0 0089 

0 030 

0 0011 

' 0 006 

Iteticulum 

0 16 

0 052 

0 066 

0 023 

Omasum 

0 23 

0 098 

0 061 

0 021 

Rumen 

0 12 

0 17 

' 0 040 

0 045 

“ and reticulum contents 

0 0049 

0 032 

0 028 

0 12 

Small intestine 

0 23 

1 62 

0 043 

0 36 

“ " contents 

0 20 

1 15 

0 033 

0 097 

Largo “ 

0 21 

0 78 

0 030 


“ “ contents 

0 86 

0 88 

0 082 

0 12 

Pancreas 

0 81 

0 25 

0 085 

0 018 

Spleen 

0 44 

0 20 

0 070 

0 054 

Liver 

3 56 

25 6 

0 45 

2 48 

Gallbladder and Bile 

4 16 

0 14 

Q 063 

0 0027 

Tenderloin, muscle 

0 040 


0 0078 


Gastrocnemius muscle 

0 036 


0 0078 


Ligament (nuchal) 

0 11 


0 018 


Cartilage (costal) 

0 16 


0 11 


Bone (femur) 

0 039 


0 022 


Red bone marrow (ribs) 

0 25 


0 054 


White bone marrow (long bones) 

0 076 


0 023 


Teeth 

0 17 


0 12 



* Amount m sample less than 0 0004 y 
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centration for tissues of the tract, the concentrations in the omasum and 
small and large intestmes being shghtly lower, the lowest values bemg found 
m the rumen and leticulum Veiy little cobalt was found m the stomach 
contents 

The calf leceivmg the cobalt orally was not killed until 5 days after 
adnunistration m order to pennit mayimum absorption from the tract 
The hver accumulated 2 48 per cent of the dose, which was considerably 
higher than the ma\immn value of 0 42 per cent found with mature animals 
While the absorption may have been mfluenced by the fact that the cobalt 
was fed m milk, studies mth rats have shoini no mcreased absoiption 
when the cobalt was admmistered m milk compared with v^tei The 
concentrations and peicentages of the dose m the whole tisspe were one-half 
to one-tenth the coriespondmg mjection values The proportional distribu- 
tion of the absorbed mgested cobalt was similai to that of the mjected 
cobalt This mgestion experiment was lepeated on another month-old 
calf with results essentially as reported m Table I, which are omitted for 
brevity 

In the case of the calves described above and many of the cattle used m 
earher studies, representative samples were taken from the foUoivmg sec- 
tions of the tract the fundus and pylonc regions of the abomasum, the 
duodenum, jejunum, and ileum WTien the cobalt was orally administered, 
the concentration m the pylonc section was shghtly higher than m the- 
fundus section However, m the mjection studies, there was no consistent 
trend With both mgested and mjected cobalt the concentrations m the 
three regions of the small mtestme were very nearly the same, hovever, the 
jejunum consistently showed loner values than the duodenum or ileum 

With each of the tissues mentioned above and also the large mtestme, the 
inner surface was removed mechamcally and designated as the mucosa, the 
remamder bemg designated as muscular tissue WTien the cobalt I'as 
orally admmistered, the concentrations m the mucosa averaged 1 5 times 
those m the correspondmg muscular tissues, while -with the mjected cobalt, 
the average ratio was 21 It is difBcult to ascertam the extent to nhic 
the abomasum and mtestmes may seciete injected cobalt into the lumen 
owing to the relatively large amounts carried by the bile 

Ttssue Dislnbuiion an Swine — ^Two normal pure bred Duroc gilts, about 
6 months old, w eighmg 100 to 120 pounds, w ere used m this mvestigation 
One received 30 7 of radioactive cobalt m 0 5 ml of solution by injection 
mto a vem of the hmd leg and ivas sacrificed after 23s hours, while the ot or 
was given 60 7 by capsule and was sacrificed after 4 days The anima 
were slaughtered and the tissues handled m essentially the same way n 
scnbed previously 

Table II presents values for the concentrations m the tissues 01 
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TABtB II 

Dtsinliulton of Labeled Cobalt Admtmalered to Swine 



Pituitary 

Th>roid 

Thymua 

Adrenals 

Ilcproducti'vc organa 

Brain 

EiO 

Intestinal Ijnipli glands 
Heart 
Blood 
Aorta 
Lung 
Trachea 
Kidney 
" fat 

Bladder and urine 

Tongue 

Esophagus 

Cardiac stomach, mucosa 
“ “ muscular 


Fundus 


Pyloric 


mucosa 

muscular 

mucosa 

muscular 


Stomach contents 
Duodenum, mucosa 
“ muscular 
Jejunum, mucosa 
“ muscular 
Ileum, mucosa 
“ muscular 
Small intestine contents 
Large “ mucosa 
“ “ muscular 

“ “ contents 

Pancreas 
Spleen 
Liver 

Gallbladder 

Bile 


Injcclioa* 


Oral admlalstratioaf 


Per cent of Per cent of 

m fdome whole U«ue '’hole tissue 


t 

0 11 
0 038 
0 38 
0 087 
0 012 
0 023 
0 10 
0 081 
0 058 
0 068 
0 078 
0 052 
0 60 
0 011 
0 060 
0 034 
0 12 
0 11 ' 
0 052 
0 14 
0 035' 
0 075 
0 041 
0 0030 
0 090 
0 084 
0 077 
0 067' 
0 11 
0 080 
0 024 
0 12 \ 
0 049/ 
0 12 
0 22 
0 13 
0 30 
0 098 
0 071 


0 

0 0044 

0 on 
0 012 
0 096 
0 015 
0 0033 


1 3 
0 20 
0 068 
3 7 

0 0052 
0 012 


t 

t 

0 0086 
0 020 
0 0041 
0 0022 
0 0051 
0 0062 
0 0069 
0 0020 



0 0073 
0 0063 
0 00431 
0 0051 1 
0 0084 
0 0057/ 
0 0043 
0 014 1 
0 0029/ 
0 025 
0 0079 
0 0064 
0 043 
t 

0 017 


0 

0 

0 0043 
0 00067 
0 0087 
0 0022 
0 00072 

0 017 
0 065 
0 0022 
0 037 
0 0054 
0 072 

0 0014 
0 0034 
0 0064 


0 0095 


0 68 
0 019 
0 0067 
0 60 
0 

0 0039 
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Table II — Concluded 


1 

Injection* 

Oral admimstrationt 

Tissue 

7 per 100 
gm fresh 
weight per 
100 7 dosage 

Per cent of 
dose m 
whole tissue 

7 per 100 
gm. fresh 
weight per 
100 7 dosage 

Per cent of 
dose m 
whole tissue 

enderloin, muscle 

0 021 


0 0028 


Gastrocnemius muscle 

0 022 


0 0015 


Cartilage 

0 035 


0 0043 


Bone 

0 018 


0 00083 

j 

Red bone marrow (ribs) 

0 063 

1 

0 0062 


White bone marrow (long bones) 

0 039 

1 

0 0032 


Teeth 

t 

0 

0 04 



* Received 30 y of cobalt, sacnficed after 23J hours 
t Received 60 7 of cobalt, sacrificed after 4 days 
J Amount in sample less than 0 0002 7 


Table III 

Distribution of Injected Labeled Cobalt in Rabbits, in Per Cent of Administered Dose 

{2 i-y of Cobalt) 


Tissue 

Time foUowmg miection 

1 hr 

Shrs 

16 brs 

48 brs 

159 hrs 

Thyroid 

0 * 

0 

0 

0 

0 

Thymus 

0 13 

0 05 

0 05 

0 05 

0 05 

Adrenals 

0 02 

0 

0 

0 01 

0 

Reproductive organs 

0 52 

1 0 

0 16 

0 11 

0 11 

Eyes 

0 07 

0 04 

0 06 

0 03 

0 

Heart 

0 39 

0 41 

0 28 

0 19 

0 OS 

Blood 

2 4 

3 0 

2 3 

1 3 

0 19 

Lung 

0 8 

0 7 

0 4 

0 3 

0 2 

Kidney 

3 2 

2 4 

0 9 

1 1 

0 4 

Bladder and unne 

13 0 

44 1 

0 18 

0 5 

0 

Stomach (cardiac) 

1 0 

0 7 

0 6 

0 4 

0 2 

“ (pyloric) 

0 5 

0 3 

0 2 

02 

0 1 

“ contents 

0 08 

0 07 

1 6 

0 6 

0 7 

Small intestme and contents 

1 6 

2 0 

1 5 

0 9 

0 49 

Large “ 

2 1 

4 8 

8 0 

10 0 

3 S 

Pancreas 

0 3 

0 2 

0 1 

0 09 

0 02 

Spleen 

i 0 1 

0 02 

0 02 

0 05 

0 04 

Liver 

; 16 5 

12 7 

8 9 

5 0 

3 4 

Gallbladder and bile 

i 0 05 

0 08 

0 07 

0 18 

0 


* Amount in sample less than 0 0003 7 


and the percentages of the close contained in the whole tissue or organ The 
cobalt distribution uas quite similar to tliat observed mth cattle Tie 















C L COILVK VND G K D VVIb 


385 


unouiit of injLcteil cob lit found m the liver wab Icbb than the corresponding 
\alucb for both joung and nntnre cattle, and the percentage of ingested 
cob lit found in the luer was ibont the same as with the oldei cattle, but 
lower thin the \ due for the young calf The relative concentiations of 
injected cobdt in the pincrcas, spleen, and led bone mariow weie essen- 
ti illy the line is w itli the calf, although the livei value was pioportionately 
low Here igiiii the injection \ lines weie2-to 10-fold highei than the 
corresponding ingestion \alneb 


rvBLL rv 

Dtstrtbulwn of Orally Idminiatcred Labeled Cobalt in Rabbits, in Per Cent of 
Administered Dose (60 y of Cobalt) 


Tmuc 

Time following oral administration 

5 hrs 

24 hrs 

96 hrs 

144 hrs 

264 hrs 

Thyroid 

0* 

0 

0 

0 

0 

Thymus 

0 

0 013 

0 

0 

0 

Adrenals 

0 

0 0017 

0 12 

0 

0 

Reproductive organs 

0 

0 013 

0 022 

0 

0 

Heart 

0 

0 036 

0 0072 

0 

0 

Blood 

0 0017 

0 23 

0 033 

0 

0 

Lung 

0 0053 

0 058 

0 38 

0 

0 

Kidney 

0 0033 

0 16 

0 098 

0 015 

0 0061 

Bladder 

0 0014 

0 046 


0 

0 

“ urine 

0 073 

0 065 



0 

Stomach (cardiac) 

0 0026 

0 042 

0 032 

0 0039 

0 0022 

“ (pyloric) 

0 0094 

0 019 

0 017 

0 

0 

“ contents 

0 019 

0 0050 

0 11 

0 78 

0 46 

Small intestine 

0 043 

0 15 

0 033 

0 70 

0 014 

“ “ contents 

0 023 

0 0036 

0 0066 

0 12 

0 027 

Large “ 

0 043 

0 077 

0 0075 

0 24 

0 040 

“ “ contents 

26 3 

0 102 

0 50 

2 58 

1 50 

Spleen 

0 

0 0053 

0 041 

0 

0 

Liver 

0 019 

0 47 

0 42 

0 050 

0 026 

Gallbladder and bile 

0 

0 0021 

0 

0 

0 


* Amount in sample less than 0 0003 y 


There seemed to be only slight differences in the caidiac, fundus, and 
pyloiic sections of the stomach, however, as with the cattle, the jejunum 
showed lowei values than the duodenum and the ileum In general, the 
ratio of mucosal to musculai concentiation was highei foi injected cobalt 
than foi ingested cobalt, which agiees wnth the data fiom cattle 

Tissue Distnbulion in Rabbits — Eighteen pedigreed Dutch breed labbits 
on a noimal ration, about 7 months old, weighing about 1500 gm , w ere used 
in this work Tables III and IV show the percentages of injected and in- 
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gested cobalt contamed m the whole tissue oi organ at vaiying times after 
administration of the dose In many cases the values aie averages from 
two animals For injection into the eai vein, a dosage of 2 4 7 of cobalt in 

0 5 ml of solution was used, while foi oral administration 60 7 of cobalt in 

1 ml of solution weie given by stomach tube These animals were fasted 
for about 18 houis before adnunistration of the cobalt 

Heie agam there is the same pattern that was observed mth cattle and 
swine After 1 horn there was 2 4 pei cent of the injected cobalt in the 
blood, the amount decieasmg to 0 19 per cent aftei 159 hours, the corre- 
sponding values for the hver were 16 5 and 3 4 per cent Veiy little in- 
jected cobalt reached the stomach contents and its appeal ance m the intes- 
tines and contents comcided mth the disappearance fiom the h\er In 
agreement mth earlier findings the pancreas shon ed greatei mitial accumu- 
lation but more rapid loss of cobalt, presumably by secretion into the tiact, 
than did the spleen The values m Table IV indicate that the ingested 
cobalt was poorly absorbed and almost completely eliminated withm the 
first 24 hours The maximum accumulation in the livei of 0 47 pei cent of 
the ingested dose agrees ivith the values found for mature cattle and swine 

DISCUSSION 

The data heie presented, supplementing earlier lepoits (3-5), lead to the 
following pictuie of cobalt partition by cattle Appioximately 95 per cent , 
of the cobalti injected mto the jugular vein is lemoved fiom the blood wthin 
a matter of mmutes, that which remains is found almost entirely in the 
plasma The liver may retain up to 46 per cent of the dose, a large piopor- 
tion of which is secreted in the bile About 65 pei cent of the dose is ulti- 
mately ehmmated m the uiine and about 30 pei cent m the feces In 
mature animals only traces of injected cobalt, piobably carried by the 
saliva, reach the nimen, reticulum, 01 omasum contents, while smah 
amounts are found m the abomasum contents The abomasum usually 
shou's the highest concentration of the stomach tissues The mucosa of 
the abomasum and intestmes show a selective accumulation, which could 
be due to contact mth the cobalt m the bile, 01 which might be taken to 
indicate that these tissues secrete mjected cobalt mto the lumen If the 
former view is the coirect one, it would be necessary to postulate that con- 
siderable amounts of bile reach the abomasum contents, and that absorp- 
tion of biliaiy cobalt differs from that of ingested cobalt, since mucous 
accumulation of ingested cobalt is lower than that of injected cobalt, an^ 
the amount of mgested cobalt passing through the tract is at least 2 5 tinics 
that of biliary cobalt 

Injected cobalt is retamed by practically all the tissues, the higher c 
centrations bemg found in the glandular organs, particularly the adrena 
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thyroid, lucr, thymus, intcstmil lymph glands, and pancreas The maxi- 
mum amount found m the pancreas was 0 6 per cent of the dose, so that, 
Millie the initnl tissue concentration raaj be relatively high, the actual 
amount reaching tlie tract by this path ivill be small compared wth the 
bilur> cobalt secretion , these findings agree ivith those of Sheline, Chaikoff, 
and Montgomery (6), who reported that 0 3 per cent of the radiocobalt in- 
jected into i dog appeared m the external secretion of the pancreas The 
concentrition in the spleen is usually lower than that of the pancreas and 
somewhat higher than that of the red bone mariow The consistently high 
values m the lymph glands indicate the importance of the l3Tnph system in 
the transport of cobalt 

Cobalt accumulation is low in such tissues as the muscle, bone, ligament, 
cartilage, eye, and white bone marrow Unpublished results^ with young 
cahes s.icrificed 5 minutes, 1 hour, 6 hours, and 12 hours after mjection, 
show that considerable iccumulation may occur initially m the bram, ivith 
subsequent ripid disappearance, which w'ouJd account for the low values 
reported in this scries of papers, negative lesults for the pituitary are due 
in part to the small sample available 

Orally administered cobalt is poorly absorbed, as is indicated by the low 
tissue concentrations found and the small amounts appearmg in the urme, 
mature cattle eliminated less than 1 per cent of the dose by this path The 
liver accumulates the major portion of the absorbed cobalt and is apparently 
effective in minimizing general distribution, with older animals the maxi- 
mum percentage of the cobalt dose found m the liver w as 0 42 at 5 days 
after ingestion The con espondmg value wnth the young calf was 2 48 per 
cent, which indicates increased absorption It should also be pomted out 
that with the young animal a larger proportion of the cobalt was found in 
the blood In general, the distribution of the cobalt absorbed from the 
tract paralleled that of the injected cobalt 

Comparisons of the data on swine, rabbits, and cattle show no variations 
Avhich would indicate a species difference as far as the mternal metabolism 
of cobalt is concerned 

There are two obvious roles for cobalt as a dietary essential This ele- 
ment may be a specific essential foi the rummant, actmg not on the animal 
itself, but having a localized function in the rumen contents, or m addition 
it may have a hematopoietic function essential for all species The con- 
tention that the former lepresents the major fimction m the rummant is 
supported by indirect evidence such as (a) observations that non-rumi- 
nants, horses, for instance, on cobalt-deficient pastures, apparently do not 
suffer from cobalt deficiency, (b) the fact that cobalt deficiency is not ob- 

» Ely, R E , Dunn, K M , Huffman, C F , Comar, C L , and Davm, G K , un- 
published results 
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sei ved m young calves until after the rumen has started to function, and (c) 
the finding that mjected cobalt, which the present noik has shown does not 
leach the rumen contents, is relatively inefficient in curing cobalt deficienc} 
E\'idence m support of an essential hematopoietic function ot cobalt is lacL- 
mg, an argument agamst such a role is the considei-ation that the cobalt 
requuement of non-iiimmants is so small that cobalt deficienc 3 his not been 
leported with natm-al diets noi produced on aitificial rations Honk el al 
(7) leport that the cobalt lequuement ot rats is less than 0 03 y pei int per 
day IMatuie cattle lemam in normal health on a cobalt intake of 1 mg per 
daj , smce the present n ork mdicates that less than 10 per cent of this 
would be aAailable foi mtemal metabolism, a 500 to 700 pound arumil 
would require not more than 0 1 mg pei day for hematopoietic needs On 
the other hand, the abihtj' of cobalt to stimulate eiythiocjde formation has 
been established and the present woik demonstmtes that some chetarj 
cobalt, eien though a \eiy small percentage ot mtake, does reach thoae 
tissues concerned ui the formation of hemoglobm and led blood ceils, 
namelj’’, the tiaie stomach mucosa, mtestmal mucosa, spleen, li\ei, ind red 
bone marron 


SUMMABI 

The tissue distribution of radioactive cobalt mjected mto the jugular 
vem of a month-old calf nas similar to that pie\ lously reported for mature 
animals However, a joung calf absorbed a greater percentage of orallj 
admmistered cobalt than did oldei ammals, and the tissue distriuutioii of 
the cobalt absorbed from the tract paralleled that of the mjected cobalt 

Comparisons ot similar data on swane, rabbits, and cattle showed no 
laiiations which would mdieate a species difference in regard to the mternd 
metabolism of cobalt The present findmgs support the \aew that the 
major fimction of cobalt m the rununant is a localized action m the lunien, 
but do not exclude the possibility of a hematopoietic function, w Inch, it d 
does exist, is probably catalytic m nature as mdicated by the -small amount 
of the element mxohed 

The wTitei-3 wash to express appreciation to Di R B Beckei , Dr R ^ 
Glasscock, and ]Mr P T Dlx Arnold for raakmg some of the animals a\ail- 
able and assistmg wath the autopsies, and to IMrs IMartha IMichael for 
techmcal assistance 
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CIIROMOGENIC SUBSTRATES 

III p NITROPIILWL SULI'ATL A& A bUBSTRATE FOR THE 
\‘=SAV 01 PIIENOfbULrVTASE VCTIVITY* 

By CH VRLl b HUGGINS v\i> DWIGHT R VYMOND SMITH 
(From the Dtpartnunt of Surgery, UtmersUy of Chicago, Chicago) 

(RcchvlcI for pubhcatioii, June 2, 1947) 

lIiH paper (le-criboT tlic use of /Mutrophcnyl sulfate as a chromogemc 
subbtr itc for the colouinetnc assay of the actn ity of phenolsulfatase In 
ntutinl or alk time solution the substrate is colorless, on enzymatic hydroly- 
sis p-nitrophcnol is bberitod, which at alkaline pH develops a yellow color 
suitable for the ([u iiitit iti\c nicaburcmeat of activity of the enzynne Ad- 
\antagcs which this method holds o\er eailiei procedures include greater 
simplicity, accuncy’’, and sensitivity'- The proceduie is similar m pimciple 
to that used in the assay of phosphatase with phenolphthalem phosphate (1) 
or p-mtrophonyl phosphate (2) as substrates for phosphatase action and 
the method foi ass.i.y of /3-ghicuronidase with phenolphthalem /3-monoglu- 
turomde (3), m these methods the amount of color due to liberation of 
indic itor from the substrate under standard conditions is a measure of en- 
zymatie ictivity 

Previous Methods — Derneii (4) discovered that an extract of certain 
shell-fish, Murex Irunculus, hydrolyzed indoxyl sulfates obtained from 
hunuin uime wath the liberation of indigo m a blue form Neuberg and 
Wagnei (5) also used this qualitative test to demonstrate sulfatase ac- 
tivity m taLi-diastase This enzymatic activity w'as stuched quantita- 
tively by Neuberg and Kurono (G), who named the enzyme sulfatase At 
first they used potassium phenyl sulfate as a substrate and employed the 
distillation of phenol oi the gravimetric determmation of baiium-precipi- 
tated sulfate as indices of sulfatase activity Later, usmg sulfate esters 
of the thice isomers of nitiophenol as substrates, Neuberg and Wagnei (5) 
extracted free nitrophenol with ether from the aqueous solution after en- 
zymatic action, the ether w'as then evaporated and the nitiophenol was 
weighed Neuberg and Simon (7), on the basis of specificity, designated 
the enzyme capable of splitting sulfate esteis of phenols as phenolsulfatase 
Abbott (8) determined phenolsulfatase activity by measurmg colorimetric- 
ally the amount of phenol liberated from potassium phenyl sulfate 

Preparation of Potassium p-Nttrophenyl Sulfate — The following method 

* This lavcstigation was supported by grants from the Albert and Rfary Lasker 
Foundation, Inc , the Sidney and Frances Brody Foundation, Mr Ben May, and the 
Committee for Research m Problems of Sex of the National Research Council 
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IS adapted from Buikhardt and Lapwoith (9) Dimethylamline, 47 ml , 
and caibon disulfide, 50 ml , are mixed m a 500 ml suction flask and phced 
in an ice bath undei a hood To the chilled mixtuie 9 1 ml of clilorosul- 
fomc acid are added diopmse, then 13 9 gm of p-nitrophenol aie added 
lapidlj’- and the muxtuie is stiired foi 1 houi befoie being allowed to stand 
oveimght 100 ml of 0 4 m potassium hydioxide aie added, causing the 
immediate formation of blight yellow ciystals Aftei thoiough stiiiing of 
the mixtuie, the flask is placed in a watei bath at a tempeiatuie of about 
80° and most of the caibon disulfide is evaporated m vacuo Excess di 
methylaniline is then convemently sepaiated by centiifugation and the 
lesidual yellow mass is dried zn vacuo The cmde pioduct is lecrystallized 
thiee to foul times in 80 pei cent ethyl alcohol 

The leciystallized potassium p-nitiophenyl sulfate contained less than 
0 06 gm pel cent of fiee p-nitrophenol The diy compound ivas stored at 
0° to minimize decomposition 


EXPERIMENTAL 

Reagents — 

0 5 N acetate buffer, pH 5 8 63 W gm of sodium acetate are dissolved 

in distilled uatei 1 70 ml of 99 per cent glacial acetic acid aie added and 
the nuxtuie is diluted to 1 litei 

0 005 M potassium p-nitiophenyl sulfate 0 1285 gm of potassium p- 
mtrophenyl sulfate is dissolved in distilled water and made up to 100 ml' 

1 N sodium hydroxide 

p-Nitiophenol stock solution p-Nitiophenol (Eastman Kodak Company) 
IS leciystallized twnce from aqueous solution and 100 mg arc dissolved m 
100 ml of water 

Taka-diastase 1 0 gm of taka-diastase (Paike, Davis and Company) 
aie dissolved m 100 ml of uatei 

p-Nilrophenol Cahbialion Cuive — ^Fiom the stock p-nitiophenol solution, 
serial dilutions are made fiom 0 25 to 10 0 mg per liter 5 ml of each 
dilution arc pipetted into coloiimetei tubes and 5 ml of 1 X NaOU are 
added to each The readings on the colorimetei (pei cent tiansmission ol 
light) are plotted on semilog papei agamst miciograms of p-nitioplienol in 
the tube Distilled v ater is used as a blank \nth the scale set at 100 pei 
cent light transmission mth a 420 ni;: filter An Evelyn photoclectia 
coloiimetei nas used throughout In alkaline solution, maximum color of 
p-nitrophenol vas observed between pH 9 and 11 and there was no fading 
of the intensity of color in 5 hours 

Method of Assaij — Clean, uniform, mbber-stoppeied colorimeter tubes 
measurmg 170 X 20 mm are used Each deteimination is run m duplicate 
wnth a single control 3 ml of acetate buffer, 1 ml of enzyme solution, 
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.111(1 I (nn of thMuol iu> uldcd to oicli tube All the tubeb aie 

pi ued m .1 lonst int tt mjKi ituie w itei bith .it 37° and allowed to equili- 
bi iti foi > nnniiti'H 1 ml of subbti itp solution is pipetted at 1 minute 
-iiiti'ii ds into (• nil of (he e\pciiment d tubes only Each tube is swnled 
ii;<htl\ iiid stojipi'iod \.f(ei itu ub iting foi the pieusc peuod of 10 houis, 
") ml oI 1 N '-odiiiin h\dro\Kie ue pipetted into eich tube, including the 
(ontiol*. 1 ml of -.ubsfpite •'ohition lb then iddccl to each contiol The 
tube- 111 iiiM'iUil -iiei d tinieo uul wiped dry of watei fiom the bath 
Ihe inteii'-itN ol toloi is nit isuied m the FAclyn toloiimetei wuth a 420 
ni/i hller with t w itci blank '■et it 100 pei cent tiansmission Fiom the 
"t mdud ( dibrituui au\e the tontciit of p-niti ophenol is obtained, the 
uei ige of the diiplit ite leulmgs mmub the contiol giies the amount of 
ii (i\ itj I Npie'bod m mil rogi uns of the imhcatoi 1 phenolsulfatase unit 
I-, (UTiiied lb till iinoimt ol cnzj’ine which pioduces the coloi equivalent 
to 10 7 of ;)-ni(ioj)iieiiol in i \ohimc of 10 ml in 10 horns at 37° in 0 5 N 
Hit itc biiffci it pH 3 8, the bubsti ite toncentration being 0 005 m 
B odj nuidb''Uth ibseiuin ind mine weic .issayed duectly Inpiepaiing 
tibsucb, coineniciitlj bniill pietcs wcie cut fiom i freshly exsanguinated 
Mt Ol fiom i fie'h suigicd specimen, and weighed on a toision balance 
3 lie lib^iue w ib ti uibfeiied to a gla«s homogenizei befoie 5 ml of ice-cold 
distilled watei were iddtd Vftei lapid homogenization foi 2 to 3 minutes, 
the buspeiibion w is cciitufugcd foi 10 minutes The supernatant homo- 
gen ite w lb then (.lulled until icady foi assay Sulfatase activity in duph- 
t ite b.implcb of the b luie luei checked wathm ±4 5 per cent (Table I) 
Opliuum pH for Aclmly — ^'rhe eftect of pH on the late of hydrolysis of 
substrite was studied with acetate buffers betw'een pH 4 and 6 6, the noi- 
m ility of icetate buffci was vaiied between 0 01 and 2 n also The velocity 
of sulfatase action was tested hkewase ivith phosphate buffeis betw^een pH 
0 and 8 12 .(Vll pll deteimmations w^eie made electiometncally There 
w'as gre.itci activity in acetate than in phosphate and the greatest activity 
occuned at pH G 12 w'hen the system w^as buffered ivith 0 5 N acetic acid- 
sodmm acetate (Fig 1) Because of greatei buffering poise this buffer 
system w'as used at pll 5 8 in the piesent experiments 
Ophmum Subshale Conccnfralion — The maximum velocity of phenolsul- 
fatase activity was found to occui with a substiate concentration of 0 015 
M (Fig 2) A considei ably low^ei concentration of 0 005 M w'as found to be 
satisfactory for routine use The Michaehs and Menten (10) constant was 
found to be 0 7 X 10”* m 

Tcrmtnalion of Enzymatic Activity — Phenolsultatase actimty is completely 
inhibited above a pH of about 8 5 ml of 1 N sodium hydroxide mciease 

the pH of the incubation mixture fiom pH 5 8 to a pH of about 10 5 
Relationship of Activity to Enzyme Concenlraiion and to Time — A hneai 
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relationship ivas found between the rate of hydrolysis and enzymatic con- 
centration with senal dilutions of both taka-diastase and liver homogenate 


Table I 


Multiple Assays of Sulfatase Activity in Single Rat Liver 


Sample No 

Wet weight of tissue 

Phenolsulfatase units’ 


ms 


1 

28 2 

7 2 

2 

39 4 

6 75 

3 

46 8 

6 35 

4 

55 6 

6 45 

5 

41 6 

6 6 

Average 

6 67 ± 0 3 


* Per 1 mg of wet tissue 



Fig 1 The effect of pH on the activity of the phenolsulfatase in a 1 6 per cent 
taka-diastase solution m 0 5 n acetate buffer, ordinates, umts of sulfatase activity, 
abscissae, pH 


(Fig 3) E\periments -with a senes of duplicate samples also estabhshed 
Imear relationship between activity and penods of time varying from u 
to 4 hours (Fig 4) 
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Jiihtbilion of Back) id Decomposition — ^^\.Ithough no effect fiom bacteria 
w lb obbcried, i mmutc ciystil of thymol was added to each incubation 
nii\turc to prc\ cut potbible b icleri il decomposition of substrate Thymol 
- was found to h i\ e no effect upon coloumctei leadings either before or after 
incub itiun, and w is found ncithci to inhibit nor enhance this enzjunc action 
Accuracy ami Sensitivity — In G1 determinations of the phenolsulfatase 
actuitv of tiki dust I'-e solutions a standaid deviation in duplicates of 



SUBSTRATE CONCENTRATION IN MOLES/LITER 

Fio 2 Effect of substrate concentration on rate of enzymatic hydrolysis of 
P nitrophenyl sulfate The system consisted of 3 ml of 0 5 n acetate buffer at pH 
5 8, 1 0 ml of taka diastase (t 6 per cent) dissolved in water, and 1 0 ml of p-nitro- 
phenyl sulfate in various concentrations Reaction terminated and color developed 
\Mth 5 ml of 1 0 N sodium hydroxide after 3 hours incubation 

±1 10 per cent was observed The consistency of assays of multiple 
samples of an individual rat liver is shmvn m Table I 
The sensitivity of the method is illustrated by the constant detection of 
phenolsulfatase m semm with the piesent method In twenty -four human 
sera the range varied from 0 3 to 15 5 units per 1 ml Abbott (8) did not 
observe enzymatic activity in serum with potassium phenyl sulfate as a 
substrate, even after 18 hours incubation 
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ENZYME CONCENTRATION 


Fig 3 The linear relationship of enzyme concentration and reaction product 
The sources of enzjTnes were 1 6 per cent taka-diastase solution and rat liver homo 
genate diluted according to the percentage values indicated on the absLiss.ie, the 
ordinates are micrograms of p-mtrophenol liberated in 10 hours 



Fig 4 The course of enzymatic hydrolysis of p mtrophenyl sulfate by taK^ 
diastase, 1 6 per cent The ordinates indicate micrograms of p-nitrophenol libera e 
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Rcsulls 

llio results obliintd lu the issa}' of homogenates of organs m the lat 
''how (Tible II) lint icl iti\c attnity is greatest m liver and the supiarenal 
gl uul In the supriren il of the dog the gieatei concentration of sulfatase 
a Is m the moduli i, in which aierage values pei mg weie found to be 1 28 
units for moduli i 'ind 0 31 unit foi corte\ 

Ilunnn urine alw lys showed sulfatase activity, values of 0 9 to 19 7 
units per I ml were obtained m twenty-four cases 
bulfatase w is found in neoplasms of the lat In the transplantable 
pleomorphic Sirconn 39 of the i it, phcnolsulfatasc values of 0 8 to 1 68 
units per mg of tl^sue were obt lined in six cases, in skeletal muscle and 


Tenth II 

Issaij of Phcnolsulfatasc Activity tn Organs of Rat 


Organ 

\ 

j No of rats 

1 assa> cd 

Phenolsul/atasc tmiCs* 

Ranee 

ATean 

Liver 

1 10 

3 69-7 96 

6 58 

Suprarenal 

} 

3 08-5 56 

4 23 

Kidnej 

1 

1 71-5 60 

3 63 

Spleen 

3 

1 31-2 66 

1 89 

Lymph node 

3 

1 52-1 71 

1 61 

Lung 

3 

0 37-1 45 

0 89 

Tliyroid 

3 

0 16-0 94 

0 48 

Prostate 

3 

1 0 30-0 88 

0 47 

Testia 

3 

0 22-0 51 

0 40 

Heart 

3 

0 05-0 75 

' 0 39 

Brain 

' 3 

0 27-0 51 

0 37 

Skeletal muscle 

3 

, 

0 09-0 28 

0 17 


* Per 1 mg of wet tissue 


connective tissue, believed to be the tissues of origin of this cancel, the 
mean values were 0 17 unit and 0 015 unit respectively In thiee spmdie 
tell sai comas in the rat induced by subcutaneous injection of 20-methyl- 
cholanthrene the lange was found to be 0 59 to 0 67 umt pei gm 

SUJIMAHY 

1 Colorimetric assay of phenolsulfatase activity with p-nitrophenyl 
sulfate as a substrate presents advantages of simplicity, sensitivity, and 
accuracy 

2 A rectilinear relationship exists between enzymatic activity and both 
time and enzyme concentrations The optimum activity of the enzjme 
occurs at pH 6 12 in 0 5 N acetate buffer at 37° The Michaelis and Menten 
constant was found to be 0 0007 m 
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✓ 

3 Human senim and urme constantly contained small amounts of sul- 
fatase Ne\t to livei, the gieatest sulfatase activity was found in the 
suprarenal gland, vath greater concentiation m the medulla than m the 
cortex Sarcomas of the rat contained considerable activity 
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FURTflER STUDIES ON LIPIDE STIMULATION OF 
L VCTOBACILLUS CASEI 
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Louisiana State University, Baton Rouge) 

(Received for publication, May 2, 1947) 

Oleic acid ijtimulation of Lactohactllus casn was discussed on the most 
recent p iper of this senes (1) At that time, the foimulation of hypotheses 
regarding the precise manner of function of oleic acid was hampered be- 
cause of uncertainties regarding the degree to which the media used were 
truly biotin-free A further hindrance lay m the dearth of information 
concerning the behavior of L casei m the presence of other surface-active 
materials Lastly, there was an evident need for fundamental experiments 
to elucidate the nature of the stimulation phenomenon In accordance 
with these needs, the study of lipide stimulation of L casei has been con- 
tmued along the three lines indicated (a) attempts to secure a biotm-free 
medium in which to observe stimulation, (b) experiments with synthetic 
detergents of several types, and (c) a study of oxidation-reduction po- 
tentials in normal and stimulated cultures 

EXPERIMENTAL 

General Procedure — ^The routme methods of prepanng and stenlizmg 
media, raakmg inoculations, incubatmg, and detemumng acidity or turbidity 
liave been described m the previous paper (1) The termmology described 
there for discussing results obtained with normal and stimulated cultures 
wll be used here also To reiterate, standard tubes are referred to as 
Tubes S, wth the micromicrograms of biotm given as a subscript, e g , 
Tubes Siooo for the standard tubes contaming 1000 micromicrograms of 
biotin in 10 ml of medium Tubes containmg 100 y of oleic acid are 
referred to as Tubes OA with a subscript to mdicate micromicrograms of 
biotin, eg , Tubes OAo for tubes containmg 100 y of oleic acid but no 
added biotin per 10 ml of medium The oleic acid was the same as that 
used m the experiments described previously and was added to the medium 
m the same fashion 

Experiments with Biotin-Free Media — In the effort to observe the effects 
of lipides on Lactobacillus casei in truly biotm-free media, three types of 
media were examined (a) media in which casein hydrolysate was replaced 
by mixtures of pure ammo acids, (6) ammo acid media m which the non- 
S3Tithetic ammo acids, puimes, and pyrimidines were treated with peroxide, 
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and (c) standard casein hydrolysate medium mentioned above as well as 
amino acid mechum to both of ivluch was added avidin in the form of egg 
white solutions 

Expenmmis with Ammo Acid Media — ^Two ammo acid mixtures wer^ 
compaied with casern hydrolysate as to oleic acid stimulation The first 
was based on the studies of Hutchmgs and Peterson (2) and has been 
designated here as Medium A, and the second, Medium B, formulatedaccord- 
mg to the ammo acid requirements of LactoiaciUus casei as descnbed by Hac, 
Snell, and Wilhams (3) "With the exception of L-prolme, which is not 
mcluded m the list of Hutchmgs and Peterson, the two media contained 
the same ammo acids m different proportions. Medium B bemg much 
higher m aspartic and glutamic acids Attempts to omit cystme, tyrosme, 
isoleucme, and phenylalanme (smce these have been designated as non- 
essential by Hac, SneU, and Willi ams ) resulted m mfenor growth m Tubes 
Siooo Both media when complete with all the ammo acids required 
would support growth, the ranges differmg, although neither so well as the 
casern hydrolysate medium The data are presented m Table I 

When the casern hydrolysate medium was replaced by ammo acid nux- 
tures, as may be seen from Table I, oleic acid stimulation was not prevented, 
although it occurred to a lesser extent on Medium B (compared with 
casern hydrolysate) and very much less on Medium A When the ammo 
acid cultures were permitted to grow 96 hours, however, as m Experiment- 
3, the extent of stimulation was greatly mcreased Such a lag has been 
shown before to be typical of oleic acid stimulation 

Synthetic Media with Peroxide-Treated Ammo Acids — Since it proved 
impossible to prevent stimulation by replacmg casern hydrolysate with 
ammo acids, peroxide treatment of the ammo acids was tned as a means of 
reducmg residual biotm, it bemg at the tune assumed that stimulation 
was dependent on the presence of some biotm Ideally, a medium to be 
biotm-free should contam only synthetic ammo acids, purmes, and pyrum* 
dmes Qmte a number of these essential constituents are at present avail- 
able only as products extracted from natural materials In so far as pos- 
sible, however, a medium was made m which the constituents were syn- 
thetic, the natural matenals then bemg subjected to peroxide treatment^ 
The peroxide treatment of solutions of ammo acids and mtrogen basfo 
was conducted m the maimer descnbed for yeast extract by Shull, Hufc 
mgs, and Peterson (4) Smce it was assumed that any traces of biotm wo 

be m only the natural ammo acids, no dl products were so treated 
respondence'with the various manufacturers confirmed this assump 
Instead of oleic acid, one of the non-iomc detergents to be descnbed be ms 
Nopalcol 6-0, was used, smce this material had m the meantime prove 
to be a much more powerful stimulator than oleic acid Tubes contamm 
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\o[)ikul win* libeled Tubeb N with mici omicrogi ims of biotin given in 
liie biibbiiipf Vb i lepo ited chcik on c\pciiments conducted in the past ^ 
uidi 11 iiitotlieiiK ui(l-fi(i nudiuin, iibofl u in-ficc medium, and biotm- 
^free medium, the - ime peioxide-tii iltd i-imino icids, piiimes, and pyii- 
midiiub, dl 111 one suhilioii, wiie used dong with the lest of the dl acids 


Tviiii r 

Ulcic laid ^ttmiihiltan in Casein Ilytlrolysalc Medium Compared with Two 

Synlhclic Media 


0 1 acid per tube 


• “‘V 

\o 

1 AJctJium 

1 

1 Tube SOS 

j Tube S 9 

Tube 

Siooo 

Tube OAo 

Tube 

OAiooo 



1 ml 

ml 

ml 

ml 

ml 

1 

C csLin IndroKiate 

I 

1 

2 12 

1 16 35 

7 62 

8 33 

1 

Medium V i 

1 

2 39 

i 13 63 

2 55 

3 31 


« u 


2 01 

15 41 

3 84 

4 47 

2 

Casein hjdroljsate 


, 2 70 

1 17 23 

9 83 

14 62 


Medium V 


2 23 

15 99 

7 09 

8 77 

3t 

*1*4 

1 GG 

2 54 

16 74 

3 77 

11 10 


“ IJ I 

1 G3 

2 89 

15 93 

8 82 

9 03 


• Uninoculaled 

t L\])criineiit c\tcndcd to 96 hours 


Iable II 

Lipida iilimulalion from iVopalcol 6 0 in Three Peroxide Treated Media 


Medium 

0 1 N acid per tube 

Tube So* 

Tube So 

Tube Smax t 

Tube NoJ 

Tube 
Nmax tt 


ml 

ml 

mf 

ml 

ml 

Biotin free 

2 14 

2 85 

10 12 

12 48 

12 41 

Pantothenic acid free 

2 45 

3 49 

8 90 

3 15 

9 16 

lliboflavin free 

2 40 

2 51 

10 20 

2 44 

12 15 


* Unmoculated 

t Ma\imum. values ou standard curves were as follows biotin, 1000 nucromicro 
grams per tube, calcium pantothenate, 0 20 7 per tube, and riboflavin, 0 20 7 per 
tube 

t 'lubes N contained 10 0 mg of Nopalcol 6 O per tube 

and other medium constituents as a basis foi thiee such media These 
ythiec media were made from portions of a base mixture, containing eveiy- 
thing to be included except vitamins, these being added sepaiately The 
data obtained aie shown in Table II ^ 

Tubes containing the maximum concentiation of vitamin used for the 
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standard curve are indicated by the subscript max It is immediately 
evident from these data that the giowth range of Laclohacillus casei in all 
media nas much smaller than that usually obtamed (compare Tubes 
Siooo m Tables I and III) Undoubtedly something iias unmtentionahy 
affected by the peroxide treatment This state of affairs, honever, m no 
•ft ay mterfered vnth the objective of the experiment, ze, to determine 
whether oi not lipide stimulation could be obtained on such media As 
has been observed m the past, stimulation n as obtamed m the zero tubes 
with the biotm-free medium, but none vas found wnth the nboflann-free 
or pantothemc acid-free medium In all three media, Tubes produced 
greater growth than did the coriespondmg Tubes Sma, The significance 
of this findmg will be discussed below m connection with other experiments 
with synthetic detergents 

Aindtn Experiments — Smce, accoidmg to Eakm, SneU, and Williams 
(5), 1 ml of raw egg white wall inactivate 0 9 to 1 2 7 of biotin, the egg 
white w as diluted 1 800 with sterile 0 2 per cent ammonium sulfate solution, 

1 ml of such a dilution bemg capable of binding 1000 micromicrograms 
of biotm Dilute ammonium sulfate solution ivas used mstead of dxstiUed 
water because solution of the protein in distilled water did not give satis- 
factory dispersion, the egg white becoming opalescent and tendmg to remain 
in discrete globules rather than to diffuse into the -water 1 ml of the 
solution of piotem m ammomum sulfate solution was pipetted aseptically 
mto each tube Sterilization of the protem solution by filtration tlirough"^ 
a sterile Chamberland-Pasteur filter candle produced an mactive filtrate 
Tandy et al have reported similai findmgs (6) No irregular lesults nere 
observed as a consequence of usmg non-stenle egg white solution *111 
glassware and media were sterilized in the usual manner, the casein hydrol- 
ysate medium w as the same as that used in the above experiments, aod 
Medium B was used for the ammo acid medium All tubes contoumrS 
the added egg w'hite were set up in quadruphcate and half the tubes 
steamed for 15 mmutes at 100° to serve as controls The results obtained 
w ith Tubes So, Siooo, OAo, and OAwoo may be seen in Table III 

In the presence of egg w^hite, biotm was bound in all tubes of the standar 
curve, although only Tubes So and Tubes Siooo have been presented in 
Table III The slight differences obtamed m every case between Tu es 
So unmoculated and Tubes So and Tubes Siooo contammg egg white repre- 
sent gro-wth due possibly' to the presence of biotm, unremovable from t e 
cells of the moculum, which may m some way be protected from avi n 
by bemg already bound to protem The pnncipal findmg is that the avi uji) 
although able to bmd all the biotm m the medium, did not mterfere wil 1 
stimulation of growth by oleic acid Even greater growdh was 
m Tubes OA which contamed steamed egg white This mcrease, w ic 
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\riii ilvo o\ idcnL iii ble lined Tubes So, might be duo to the lelease of biotm 
from tlic egg white plus some stimulating effect from lipides released from 
egg white Ihc st ind ird curves of the steamed standaid (not given in 
entirety) '■howed mcieised growth m the lubes of lowei biotin concentra- 
tion when comjnred with the corresponding tubes of the standard con- 
taining no egg w lute The higher toncentritions were practically identical 
wnth the st mdard tout lining no egg white This daft indicates a stimula- 
tion ntlicr than i relcise of biotm, since biotm release would produce 
uniform iiureiscs m ill tubes Cognizince was taken of the possibility 
tlut tlie presence of oleic uid m the medium at the time of addition of 


Table III 

hjfcct of India on Olcic Actd Stimulation of Lactobacillus casei 


Tube* 

1 


U I V aod 

per lube 



Casein h>tlroI)5ite medium 

1 iVramo acid medium 

W ilhout 
eR« while 

}-Ki» white 
added 

Lgic white ! 
added and 
steamed 1 

W'llhout 
egg while 

Egg white 
added 

Egg white 
added and 
steamed 


mi 

ml 


ml 

ml 

f/tl 


1 jj 

1 31 


2 00 

2 01 

2 08 

s, 

2 10 

2 03 


2 58 

2 93 

4 44 

Siooo 

10 27 

2 00 


14 50 

3 21 

15 61 

OAo 

7 25 

10 83 

11 10 

5 47t 

9 est 

10 Olt 





4 22t 

8 20t 

8 83t 

OAiooo 

11 32 

11 10 

15 37 

7 12t 

10 84t 

11 48t 





0 40t 

8 71t 

11 85t 


* Uninoculated 

t Egg white solution was added as the last component to the tubes 30 minutes 
before inoculation 

t Oleic acid emulsion w as added as the last component to the tubes 30 minutes 
after addition of egg white solution and immediately before inoculation 

egg white might interfere with binding of biotin by avidm, therefore, m 
one set of tubes the oleic acid emulsion, previously sterilized, was added 
to the medium and avidin after a 30 minute incubation period In all 
cases but one, as may be seen from Table III, this procedure resulted in a 
slightly lowered acid production but did not appreciably interfere with 
oleic acid stimulation The slight reduction m stimulation observed might 
be attributable to some physical factor, such as slight breakdowm of emul- 
sion on autoclaving in sterile water as compared with the usual highly 
buffered medium 

As was the case with the casern hydrolysate medium, the presence of 
avidm in the ammo acid medium did not prevent stimulation from oleic 
acid, although it effectively bound biotm m the standard tubes It should 
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be noted that at the end of the 72 houi growth period, Tubes Siooo on the 
ammo acid medium did not produce so much acid as those on the casein 
hydrolysate medium This occuiience has been mentioned befoie in 
connection mth the synthetic media described in the preceding para^ 
graphs In the steamed Tubes Siooo of the ammo acid medium an ap- 
pieciable mcrement of grondh occuried, mdicatmg the release of some 
substance conducive to acid production As with the casern hydiolysate 
medium, honevei, the mciease in the steamed standard tubes was not 
umform thioughout the curve, but was greatest m the low biotin tubes 
Synthetic Detei gents — ^The synthetic detergents examined were obtained 
from the National Oil Products Company (Nopco), Harrison, New' Jeree}', 
and the Atlas Powder Company, Wilmington, Delaware A list of the 
detergents wnth mfoi matron as to then chemical nature and stimulating 
effect IS given m Table IV The detergents were added to media as a 
watei dispemion whenever possible, and m some cases as an alcohol dis 
persion Detergents which pioved difficult to dispeise w'ere homogenized 
wnth the solvent m the War mg blendoi, and the resulting solution diluted 
and pipetted as necessary In Table V is shown the effect of incieasmg 
concentrat on of the most effective deteigents on acid production in tubes 
containing no biotm These data w'hen plotted show'ed a surprising 
linearity Nearly all of the deteigents examined pioved stimulatory 
even at high concentration The extent of stimulation pioduced at thes^ 
concentrations, howe%er, was considered lemaikable Oleic acid, which 
IS surface-active and amonic, has been shown (1) to produce its maximum 
stimulation at a concentiation of 400 y per tube, above which it becomes 
increasingly inhibiting Of the few amonic detergents exammed here as 
well as the one effective cationic deteigent, all those w'hich proved stiniula- 
toiy showed a maximum effective concentration abox'e which stimuladou 
decreased It should be emphasized that these experiments w ere desigae 
to reveal stimulation and not mhibition, smce only the foimer would be 
detected m tubes containmg no biotin Had mhibition lathei than stimu- 
lation been the primary interest, the inhibition tests with Tubes Siomi 
rathei than Tubes So foi standaids would liave been made 

Of the non-ionic deteigents. Table IV shows Nopalcols 6-0 and 10 ; 
Tweens 20, 60, and 80, Spans 60, 80, and 85, G-1226, and Ailacel C to be 
the most stimulatmg Of these compounds, the majority are oleic aci 
derivatives and quite likely traces of oleic acid derivatives are to be foun 
in the others In concentrations as great as 50 mg per tube, Tweens i 
60, and 80, Arlacel C, Spans 60, 80, and 85, Nopalcols 6-0 and 10-0, an^ 
G-1226 were still able to effect approximately 100 per cent conversion o 
glucose to acid Table IV mdicates that the concentration necessary 
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i)bt iin in iMinuin n id piodiictioii ubscrvLd foi the most elective deteigents 
w isl>i'(v\un 1")0() iiul iOOO 7 pti (ubc In man j cases the mciements ob- 
t lined in I Using (lie eoneinti ilion iliove 1500 y weie of the magnitude of 


ruin IV 

ii’jnthclic Ihlcrgcnts and I'hur Ujjccls in Slumdaling Lactobacillus casei 


Name 

I 

i 

‘ Manufacturer 

1 

1 

Chemical nature 

Point of maximum 
stimulation m 
biotin free tubes 


i 

1 

1 



Detergent 
per tube 

0 K 
acid per 
tube 

■Vopcocxslor 

1 

, Nojico 


Anionic sulfated castor 

7 

250 

ml 

3 93 

Svnlcrgunt K 

1 

! * * 


oil 

Cationic substituted 

250 

5 74 

Nopal col G 0 

" 


launc amine 

Non ionic oleate 

1,500 

23 56 

“ G L 

1 “ 


“ laurato 

200 

8 87 

“ G R 



“ ricinoleato 

5,000 

8 37 

“ Ob 

I “ 


“ stearate 

5,000 

14 13 

“ 10 0 

“ 


“ oleate 

5,000 

22 54 

Nopco USo 

“ 2173 B 

ruccn 20 

44 

44 

\tlaa Powder 

Anionic sulfated butyl 
oleate 

Cationic oleic amine 
sulfate 

Non ionic laurate 

No effect 

4 4 4 4 

50,000 

23 41 

“ 40 

44 

44 

“ palmitate 

40,000 

20 43 

“ CO 

44 

44 

“ stearate 

50,000 

23 27 

“ G1 

44 

44 

44 

50,000 

12 70 

“ SO 

44 

44 

“ oleate 

2,000 

22 61 

“ 81 

44 

44 

44 44 

40,000 

19 79 

“ 85 

44 

44 

“ trioleate 

10,000 

22 09 

Span 20 

44 

44 

“ laurate 

750 

5 27 

“ 10 

44 

44 

“ palmitate 

50,000 

17 93 

“ CO 

44 

44 

“ stearate 

50,000 

22 60 

“ 80 

44 

44 

“ monooleate 

3,500 

23 16 

“ 85 

44 

44 

“ trioleate 

50,000 

21 38 

Arlaccl C 

44 

44 

“ sorbitan 

5,000 

23 16 

G-1226 

44 

44 

sesquioleate 

Non ionic ether ester 

2,500 

21 50 

G-759G 

44 

44 

“ laurate 

50,000 

9 43 


only 1 or 2 ml of 0 1 N acid, a leveling off effect occurrmg at approximately 
that concentration Although the data are not piesented m a table, it 
should be mentioned that the effect of pH observed with oleic acid fl) was 
not found to be the case ivith these non-ionic deteigents Decreasmg the 
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No simultaneously The cune obtained for Flask Siooo closely resembles 
those obtained by Hewutt for hemolytic streptococci Accordmg to Mc- 
Leod’s classification of oigamsms (8), Lactobaaillus casei would fall into the 
class of pe o\ide pioducers, devoid of catalase, and lelatively insensitive to, 
pe oxide Pneumococci and ceitain streptococci are also members of this 
class The diop in potential followmg a period of oxygen uptake by the 
medium is due to the reducing actmties of the bacteiia and represents the 
peioid of then logarithmic growth The slow use m potential following the 
drop IS caused by the accumulation of pei oxide m the medium, according 
to Hewitt It IS at once obvious that the presence of Nopalcol lesulted in 
the cultu’ e’s attaining a low ei potential than possible with biotin and mdi- 
cates the stimulation of i educing activities The lag peiiod obseived in 
acid and cell pioduction in the piesence of oleic acid (Flask OAo) is iHus- 
tiated well in terms of oxidation-reduction potential 

DISCUSSION 

In consideiing fii-st the expeiiments designed to produce a biotm-fiee 
medium, it appeals moie and more evident that Lactobacillus casci can be 
made to glow in the absence of biotm provided a suitable deteigent is pres 
ent in the medium When a sufficient vaiiety of synthesized ammo acids, 
punnes, and pyrimidines is manufactured so that one can designate a me- 
dium as biotm-free without making the currently necessary mental lesena- 
tions, at least this phase of the question can be settled It is at any lafe 
obvious tliat substituting an ammo acid mixture for casein hydrolysate, or, 
fui ther, treating those ammo acids with peroxide prioi to then use, oi m eo 
adding moie than enough avichn to bind all free biotm m the medium, does 
not prevent lipide stimulation of Lactobacillus casei 

The experiments on detergents reported here represent generally furtlier 
studies of the type initiated by Baker, Hainson, and Miller (9-11) 
of the fatty acids and othei fat-soluble compounds investigated by otliei's 
have been studied pimcipally from the standpoint of their inhibitoiv 
not their stimulatory’' effects The most extensive work to date on biC 
terial stimulation by lipides is that of Dubos and Davis, working pnncipa'o 
wnth Mijcdbactenum tubei culosis (12-10) The growth of this organism 
enhanced by a number of long cham fatty acids, provided the acids 
estenfied or bound in some way' to semm albumm ,jLacking one of these 
two treatments, the fatty acids pioved inhibitory These findings sugges 
that the lag period obseived m oleic acid stimulation of Lactobacilhis casei 
might be due to a slow’ binding of the fatty acid by’ protein pioduced by or . 
present as a part of the bacteiia The fact that oleic acid stimulation was 
obtained to a greater extent on Medium B than Aledium A suggests a 
the ovcicoming of the lag period was dependent upon a sy nthesis Du j 
and Davis tested various ones of the Spans and Tw eens and found in gener 
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tint the ole vtcs ind ricmolc itcs were stimulatory, laurates inhibitory, and 
stc ir Ucb of V in ible effect As is shown in Table IV, no such categories of 
effect weie obsened with Laclobacillus casei, although the least effective 
compound of the group. Span 20, is a laurate 
The experiment il dctermin ition of oxidation-reduction potentials in the 
X arioiis nicdi i studied corroborated the results of acidimetnc and turbidi- 
metric mxcstigatioii Xopalcol is in oleate and hence, along with oleic 
icid, would be expected according to the studies of Lepper and Martin (17) 
to piomote reduction of the oxidation-reduction potential of the medium 
Part of the effect of long chain unsaturated fatty acids on bacteria is un- 
doubtedly due to absoiption of oxygen by the double bonds of the hydro- 
carbon chains Lepper and IMartin showed it to be the case in enhancement 
of growth of anaerobes by addition of cooked flesh to anaerobic prepaia- 
tions Bergstrom, Theorell, and Davide (18) have shoivn unsaturated fatty 
acids to be bactericidal to MycobacLcnwn tuberculosis by preventmg oxygen 
uptake by the bacteiia The effect of these fatty acids upon Lactobacillus 
casci, however, cannot be explained in such a fashion, since the organism 
16 a ficultativc anaerobe and furthermore appears to be stimulated by 
saturated compounds as well as unsaturated 
iVn interpretation of the results of expenraents such as these hmges upon 
a satisfactory explanation for the stimulation phenomenon The bacteiial 
cell cytoplasmic membrane, knoivn to be lipoprotein (19, 20), appears to be 
the site of the effects in question The importance of surface effects m such 
systems is w'ell recognized (21) Franke and Schillinger (22) m commenting 
on bacterial inhibition by fatty acids have stated that bacterial metabolism 
IS largely influenced by the permeability of the lipide cell membrane Even 
moie recently, Hotchkiss (23) has presented experimental evidence to show 
that bacterial membrane permeabilities do change in the presence of detei- 
gents, that the membrane is altered to the extent that vital cell contents 
diffuse into the sun oun ding medium, and that the cell subsequently 
undergoes lysis Stimulation is probably a manifestation of a similai 
surface effect If the cell weie wetted (by a detergent) just sufficiently to 
enable it to make better contact with the nutrients of the environment, the 
cell should grow more rapidly by obtaining its substrate more readily If, 
however, the agent producing these changes by virtue of lomc charge or 
particulai molecular configuration were adsorbed m great quantity oi dis- 
arranged specific vital structures, then the cytoplasmic membrane might 
be so alteied that the effects observed by Hotchkiss w'ould lesult Exten- 
sion of these ideas should help to clarify differences observed m the action 
of anionic, catiomc, and non-ionic detergents on Gram-positive and Gram- 
negative organisms Some suggestions in that direction have been made 
already (24), m addition to ideas presented previously m this paper 

The place of biotin m this picture of surface effect, membrane permeabil- 
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ity, and the like is debatable Lipide stimulation occurs, so far as this 
laboratory has been able to show, m the absence of biotm On the other 
hand, it is easy to reduce the pantothenic acid or riboflavm content of a 
medium until hpide stimulation is completely blocked The inference is 
that biotm is not a component of an enzyme system as are these two vita- 
mins, but exerts its mfluence upon cell surface characteristics and can be 
dispensed with m the presence of the proper surface-active compound 
This idea is not m conflict with the few known facts about biotm function, 
though it differs fiom the theories that have been proposed (25, 26) The 
action of biotm on tissue (27-29) may be due to an effect on cell peixnea- 
bihty or to a type of surface alteration The structure of biotm with its 
hydrophihc and hydrophobic parts as well as its rapid complex formation 
with avidm lends weight to such a hypothesis Further pursuit of these 
ideas must, of course, await acquisition of additional experimental data 

SUMUAKY 

Laciobacillm casei was stimulated by hpides m biotm-free media m which 
casern hydrolysate was replaced with either (o) amino acids or lb) ammo 
acids, purmes, and pyrinudmes previously peroxide-tieated The addition 
of avidm sufficient to bmd 1000 micromicrograms of biotm did not prevent 
hpide stimulation in tubes contaimng no added biotm 
Various synthetic detergents were exammed for stimulatory effect with 
Lactobacillus casei In general, non-ionic detergents proved stimulatory, 
many sufficiently so to enable the bacteria to convert glucose into acid ivith 
approximately 100 per cent efficiency, even m the absence of biotm The 
most stimulatory detergents w'ere oleates 

Oxidation-reduction potentials were deteimmed m growmg cultures con- 
tainmg (a) standard biotm or (6) oleic acid m the absence of biotm or {c) ^ 
non-iomc detergent m the absence of biotm The results obtamed cor- 
roborated acidimetric and turbidimetnc data 

On the basis of the experimental data presented and through mterpreta- 
tion of the work of others, it was postulated that biotm functions as a cell 
permeability factor and can be replaced by the proper lipides 

The authors express their mdebtedness to the National Oil Products 
Company and the Atlas Powder Company for generous gifts of their 
products 
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LETTERS TO THE EDITORS 


BIO'IIN \.ND CARBON DIOXIDE FIXATION IN LIVER* 

Sirs 

Bulk uul Winzlci’ biiggoslcd tiiat biotin might function as a coenzyme 
of CO: truibfci Kosci ct al- lepoitecl that aspaitic acid stimulates the 


Age 

Diet 

'ilalic’ 

enzyme 

Dehydrogenases 

Biotin 
per gm 
acetone 
powder 

TPN 

reduction 

Oxnbcetntc 

decar 

box>latiOQ 

Lactic 

Malic 

Isoci 

trie 

Gluta 

tnic 









y 

30 

Normal* (3) 

2 20 

2 40 

178 

149 

9 5 

12 9 

3 70 


No biotin (G) 

0 96 

1 16 

245 

173 

12 3 

19 2 

0 78 

44 

Normal (1) 

1 83 

3 36 

282 

181 

8 5 


4 50 


No biotin (1) 

0 76 

1 79 

254 

1C4 

12 7 




Low biotinf (2) 

0 64 

1 90 

302 

207 

15 1 


0 68 


“ fohef (2) 

1 50 

2 83 

254 

180 

14 2 


5 65 

50 

Normal (1) 

1 69 

2 89 

313 

203 

23 2 

4 4 

6 15 


Low biotin (2) 

0 91 

1 83 

474 

235 

29 8 

6 3 

0 41 


“ fohe (1) 

2 34 

3 79 

3GG 

191 

26 4 

3 7 

4 28 


Aqueous extracts of acetone dried turkey livers precipitated three times with 
ammonium sulfate (80 per cent saturation) Dissolved precipitates dialyzed agamst 
0 02 if phosphate buffer, pH 7 4 Enzyme activities expressed as umts per mg of 
protein Oxalacetic decarboxylation determined manometrically, all other activ- 
ities spectrophotometrically Figures in parentheses, number of livers pooled in 
each case Biotin assayed with L arahinosus (Wright, L D, Biological symposia, 
Lancaster, 12, 290 (1947)) Autoclaving with 2 0 n HiSOi at 18 pounds for 1 hour 
used to liberate biotin from combination 

* Purified diet (T-15) with vitamin supplements (Jukes, T H , Stokstad, E L 
R , and Belt, M , J Nulr , 33, 1 (1947)) including biotm, 200 y per kilo 
t so 7 of biotin per kilo of diet 
t 200 y of pteroylglutamic acid per kilo of diet 


* Supported by grants from the Umted States Public Health Service, the American 
Cancer Society (recommended by the Committee on Growth of the National Research 
Council), the Rockefeller Foundation, and the American Philosophical Society 
1 Burk, D , and Winzler, R J , Science, 97, 57 (1943) 

’ Koser, S S , Wright, M H , and Dorfman, A , Proc Soc Exp Biol and Med , 61, 
204 (1942) 
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growth of Torula cremons m the absence of biotin and suggested that 
biotin might be concerned m the synthesis of aspaitate Moie direct 
evidence foi this was recently obtamed by Stokes et al^ ivith bacteria 
Smce biotin was not concerned with transammation,* it appeared to us 
that it might be involved m the synthesis of dicarboxylic acids by CO- 
fixation ^ 

The isolation from pigeon liver of a TPN-specific enzyme which catalyzes 
the leversible conversion of Z-malate to pymvate and CO2 has been re- 
ported ® Further ivork suggests that this enzyme also catalyzes the 
decaiboxylation of oxalacetate to pyruvate and CO- 

The livei enzyme is markedly decreased in biotm-deficient turkeys, as 
shown m the table Wheieas both oxidative decaiboxylation of malate 
and decarboxylation of oxalacetate are decreased, the activity of several 
other enzymes is withm the noimal range Furthermore, the “malic” 
enzyme is noimal in the liveis of fohc acid-deficient tuikeys This indi- 
cates that the changes m biotm deficiency aie specific and are not associated 
wTth general malnutrition 

Smce biotm is not found m the purified enzyme, it is not clear whether 
the vitamm participates m its synthesis or is present as a derivative whioli 
does not stimulate the giowth of L arabinosiis Further work to elucidate 
these points is m pi ogress 
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5 Stokes, J L , Larsen, A , and Gunness, M , J Biol Chem , 167, 613 (194V) 

Soc Am Bad , 47, 19 (1947) ' . 

* Usmg C** H A Lardy el al (personal communication) have found a ma' 
effect of biotm on the fixation of COj by various bacteria 

^ Ochoa, S , Mehler, A , and Kornberg, A , J Biol Chem , 167, 871 (1947) 
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CODEaVRBOXYL^^E NOT THE 3-PHOSPHATE 
OF PYRIDOXAL 


Sirs 

Reports tliat siaithetjc pyrjdo\al-3-pbosphate, m the form of its acetal, 
possesses codecarboxylaso activity* - 1ms prompted us to call attention 
to evidence to the contrary and to present new data indicatmg the lack of 
activiti 

From published spectral data’ on this coenZ 3 mie and its comparison to 
the dat i of Hams, Webb, and Folkers' on the behavior of substituted 



/3-pyridones, synthetic pyridoxal phosphate (codecarboxylase) cannot be 
substituted m the 3 position Papers by Heyl, Hams, and Folkers’ and 
Gunsalus and Umbreit® presented furthei evidence of the structure and 
eliminated the possibility that codecarboxylase is the 3-phosphate of 
pyridoxal The absence of the chlorimide coupling reaction m the co- 

1 Karrer, P , and Viscontini, M , Helv chim acta, 30, 52 (1947) 

* Karrer, P , and Viscontini, M , ffelv chtm acta, 30, 624 (1947) 

’ Gunsalus, I C , Umbreit, W W , Bellamy, W D , and Foust, C E , / Btol 

Chem , 161, 743 (1945) 

■* Hams, S A , Webb, T J , and Folkers, K , J Am Chem Soc , 62, 3198-3203 
(1940) 

‘ Heyl, D , Harris, S A , and Folkers, K , Abstracts, American Chemical Society, 
noth meeting, Chicago, 35B (1946) 

* Gunsalus, I C , and Umbreit, W W , Abstracts, American Chemical Society, 
noth meeting, Chicago, 34B (1946) 
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enzyme is not specific for a linkage of the phenol group, since other substi- 
tutions also block this reaction ^ 

The activity of synthetic pyridoval phosphate foi the tyrosme decai- 
boxylase apoenzyme is shown m the figure, together with evidence for 
the lack of activity of the 3-phosphate,® piepared and characterized by 
Heyl, Han is, and Folkei-s ® 

The essential difference between our experiments and those of Karrer 
and Viscontim^ is m the enzyme pieparations used Then tyiosine de 
caiboxylase piepaiation at a level of 20 mg of dried bacterial cells released 
about 50 microliters of CO 2 per horn, and on stimulation the rate was 
mcreased to 100 micioliters pei hour The data m the figure Mere ob- 
tamed wuth 1 mg of diied cell piepaiation per cup,® no CO 2 was released 
m the absence of coenzyme, and the stimulated rate was 500 microliters 
of CO 2 per houi The half maximum late was reached ivith 40 m 7 of 
the barium salt of the synthetic coenzyme, wheieas Karier and Viscontmi* 
used a thousand times this amount of baiium pyridoxal -3-phosphate acetal 
to show tiaces of actiiuty 

In view of the highei concentiation of codecaiboxylase lequued for the 
glutamic-aspartic transaminase (K = 1 5 X 10~®)*“ as compared with the 
ammo acid decaiboxylases (IC = 1 6 X 10“®) (see the figure), and in we" 
of the limited activity of Kaizer and Viscontmi’s preparation for the 
decaiboxylases' - the lack of actmy of then piepaiation foi the tians-., 
ammase" is not sui-piising 

On the basis of the endence piesented, it is concluded that the pyiido\al 
3-phosphate does not possess codecaiboxylase actinty as reported by 
leaner and Yiscontini ' - 
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VPP/UIENT SPECIFIC INPIIBITION OF PLANT 
VCETYLErsPERiVSE BY DIISOPROPYL 
FLUOROPIIOSPIIATE* 


Sirs 

Diibopropjl fluorophobpli vte (DFP) and hexaethyl tetraphosphate 
ClIF'i'^) Ikuc been shomi to bo icmarkedly potent inhibitois of cholines- 
terase both in vitro 'ind in vivo * - Higher concentrations of DFP were 
needed foi the inhibiton of tiue cholmcstciase (brain and erythiocyte) than 
for the pseudocholinestoiase (semm) The DFP inhibition was iiieveisible 
IS opposed to oaenno inliibition With the semm enzyme the piesence of 
DFP did not produce a progiessuc inactivation, but lathei the hydrolysis 


DFP coDCcntraUon, X 10* 

Per cent inhibition* 

Purihed citrus acetylesterase 

Crude wheat “hpase" 

5 


91 

1 

72 

75 

0 5 

56 

65 


• Vftor 20 minutes prior c\posuro of the enzyme to DFP 


proceeded as if less enzyme weie present fiom the start and no pielimmaiy 
incubation of the enzyme with DFP was necessary Koelle^ has shown 
that eserine mil protect chohnesterase against DFP mactivation 
TJie effect of DFP on enzymes of plant origin nas studied mth the view 
of detei mining whether any ■were moie or less specifically mhibited Of the 
enzymes jack bean uieasc, papain, ciystallme /J-amyIase,'‘ citms pectines- 
terase, and citms acetylesterase, ® only the acetylesterase was found to be 
inhibited by incubation mth DFP pievious to assay The characteiiza- 
tion of citms acetylesterase, an enzyme which best hydrolyzes esters of 
acetic acid and which possesses no tme lipase activity, has only lecently 
been leported ® The mhibition of this enzyme bj'^ DFP is shown m the 
table 

DFP at 10-® M failed to mhibit the other enzymes under similai condi- 
tions From these results it is apparent that the DFP did not react with^ 

* Enzyme Research Laboratory Contribution No 107 

* Mazur, A , and Bodansky, O , J Biol Chem , 163, 261 (1946) 

»DuBois,K P .andMangun, G U,Proc Soc Exp Biol and Med , 64, 137 (1947) 

3 KoeUe, G B , J Pharmacol and Exp Therap , 88, 232 (1946) 

< Balls, A K .Thompson, R R , and Walden, M K,/ Biol CAein , 163, 571 (1946) 

‘ Jansen, E F , Jang, R , and MacDonnell, L R , in press 
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essential — SH groups, smce it faded to inhibit urease and papain, and that 
the inhibition is specific, since pectinesterase (obtained from the same 
source as the acetylesterase) was not inhibited The mhibition of wheat 
“lipase”® by DFP is consistent with the previous suggestion that this 
enzyme is acetylesterase ® 

The reaction of DFP with acetylesterase was not dependent upon pH 
over the range studied (4 9 to 7 5) Dialysis of acetylesterase inactivated 
with DFP laded to restore the activity, hence the reaction is probably 
irreversible The kmetics of the reaction show it to be a bimolecular re- 
action Longer mcubation times required less DFP to produce the same 
inhibitions reported above 

In the presence of the substrate (0 23 Mtnacetm) the inhibition reaction 
proceeded much more slowly for a given concentration of DFP This 
decrease m activity -with time m the presence of the substrate is opposed to 
that observed for cholmesterase ^ Eserme (which has been shown not to 
inhibit the hydrolysis of acetylcholme by citms acetylesterase®) was found 
not to mhibit the mactivation of acetylesterase by DFP 
Simdai to its effect on cholmesterase, HETP inhibited acetylesterase m 
lower concentrations than chd DFP With acetylesterase only one-fiftieth 
as much HETP as DFP was needed to cause the same mhibition m a given 
time In situ inhibition of acetylesterase and the resultmg effect on me ' 
tabolism are being investigated 
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VCnVITY OF VNTIPERNICIOUS ^VNEMIA PREPARATIONS 

IN CHICKS 


Sir 6 


During studied on the factor, present m the soluble components of 
fish, which stimuhitcs the growth of chicLs fed com-soy bean oil meal diets 
‘'e\cril In or frictions were tested for activity Concentrated pernicious 
anemia preparations were used because of their activity m the dog^ and w^e 
ha\e found tint they are highly active in promotmg growth of the chick 
Di 3 ’--old cross-bred thiclvs from hens on controlled diets were used and 
fed i b isal ration composed of the followmg ground yellow com 35, soy 
be in oil meal 2S, wheat bran 10, w'heat middlmgs 10, casern 7 5, alfalfa 



No of chicks 

Average weight 
at 4 wks 

Basal 

mm 

218 

“ + 3% Csh soluble components 


307 

“ + 3% Lcderlo liver powder, No DC-1432 

12 

259 

“ -b 0 1 cc reticulogen (Lilly) 20 U S P units per 

12 

262 

cc daily* 



Basal 

10 

209 

“ + 3% fish soluble components 

10 

298 

“ -f- 0 05 cc reticulogen 20 U S P units per cc 

10 

301 

dailyt 



Basal -b 70% methanol extract of fish soluble compo- 

10 

303 

nents = 3% 



Basal -1- ppt obtained by treating 70% methanol ex- 

10 

312 

tract with 95% ethanol S 3% 



Basal -1- filtrate from above 

10 

241 


* Administered orally 
t Injected intramuscularly 


meal 5, limestone grit 2 0, steamed bone meal 1 5, iodized salt 0 5, fish oil 
(2000 A, 400 D) 0 5, and jVInSOi HjO 0 025 gm , thiamme 0 3, ribofl!avm 
0 6, niacm 5 0, pantothenic acid 2 0, p 3 nidoxme 0 4, mositol 100, cholme 
150, p-ammobenzoic acid 10, biotm 0 02, folic acid 0 05, menadione 0 05, 
and a-tocopheiol 0 3 mg 

Some of the results are given in the table 

It IS evident that highly puiified pernicious anemia preparations are as 
active or more active than the cmde liver preparations and that they show' 

* Ruegamer, W R , Torbet, N , and Elvebjem, C A , Federation Proc , 6, 287 
(1947) 
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gieatei activity vhen injected than when given oially 0 05 cc or 1 
U S P unit pel day per chick gave a ma\inaum giowth response No 
differences in hemoglobin levels Avere found in any of the groups At 
present it is impossible to decide whether the active factor is identical vith 
the classical antipeinicious anemia factor but the results show that the 
active factor is soluble m 70 per cent alcohol and precipitated mth 95 per 
cent alcohol Smce the classical pernicious anemia factor follow's this 
fractionation procedure, the chick may be a valuable assay anunal for 
antipeinicious anemia preparations 
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THE ACTIVATION OF DEIIYDROPEPTIDASE BY ZINC* 
Sirs 

In the course of studies on the dehydropeptidase of siione kidney, it was 
noted tint prolonged diilj'sis of a piitmlly purified enzyme piepaiation 
against dcinmcr ilized water led to an appreciable loss of activity tow^ard 
the substritc glycyidchydrophcnylalanme (GdP) The oiigmal activity 
could be fully restored, however, by the addition of small amounts of zinc 
chloride 

Ihe enzyme preparation used for prolonged dialysis was obtamed by the 
following procedure Desiccated and defatted sw’ine kidney powder was 
extracted with 2 per cent salme and, to the extiact, theie was added solid 
ammonium sulfate to 10 per cent satuiation The mixtuie w as filtered and 
the concentration of ammonium sulfate m the filtiate was raised to 80 per 
cent saturation 'Ihe precipitated proteins were filtered off and dissolved 
in water The i esidual ammonium sulfate w as remoxed by dialysis against 
distilled water for 2 da3's at 5°, and the insoluble protems which separated 
during dial3 sis weie icmo\ ed by filtration The lesultant enz3mie solution 
caused a rapid hydiolysis of GdP, as judged by the spectrophotometiic 
assa3’’ for dchydiopeptidase activit3' described piexaously ^ 

The activity of such a solution is markedly reduced foUowmg dialysis, 
for 4 days at 5°, against water w'hich had previously been passed through a 
Bamstead Bantam denuneralizer In a typical experiment, the proteolytic 
coefficient Cade^ was 0 19G before prolonged dialysis and 0 070 after dialy- 
sis, the piotein content of the solution being unchanged by this treatment 
Of the various metals tested, only Zn++ was found to leactivate the enzyme 
completely (Cadp = 0 212) At the concentration level used in this study, 
CoClj, hfnSO^, and MgS04 were without appreciable effect, the proteoly- 
tic coefficients being 0 081, 0 062, and 0 065 respectively On the 'other 
hand, there weie noted slight mhibition with CdSOj (C'odp = 0 048) and 
pronounced inhibition with N1SO4 (NH4)2S04 (Codr = 0 015) 

For the study of the effect of metal ions on dehydiopeptidase activity, 
the enzyme (protein N, 8 1 7 per cc ) was meubated with the metal salt 
(5 X lO-* xi) foi 3 hours at 25 6" The pH of the mcubation mix- 
ture w^as 6 To 1 cc of the mcubation mixture there wme then added 
2 cc of 0 1 M veional buffer (pH 7 9), 1 cc of GdP (2 5 X 10-* m), and 1 cc 
of w'ater The hydrolysis was conducted at 25 6°, and w'as folloxxed spectio- 

* This study was aided by grants from the Rockefeller Foundation and the Ameri- 
can Cancer Society (on recommendation of the Committee on Grow th of the National 
Research Council) 

• Yudkin, W H , and Fruton, J S , / Btol Chem , 169, 521 (1947) 
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photometrically as described previously ^ The comparison blank for the 
spectrophotometric readmgs contamed the same components as did the 
test system, except that the substrate solution was leplaced by watei 

Pievious studies^ have shomi that dehydropeptidase is completely in- 
hibited by 6 X 10~'* M sulfide, and only partially inhibited by 10~“ ii cyanide 
01 cysteme These results suggested the possibility that dehydropeptidase 
belongs to the group of metal-containing enzymes Beigei and Johnson" 
and Smith and Bergmann^ have provided evidence foi the metal-protein 
nature of several peptidases and, m particular. Smith-* has studied the 
activation of L-Ieucine ammopeptidase by manganese ions The results 
presented in the present communication support the viev that zmc ions 
may be mvolved m dehydropeptidase action It is premature to conclude 
that the dehydropeptidase of swme kidney is a zmc-piotem, since activa- 
tion by a metal ion does not necessarily imply that the metal constitutes a 
pait of the active enzyme ® This question may be clarified by further 
studies, which are in progress 

Department of Physiological Chevuatry Warken H Yodkiv* 

Yale University Joseph S Fbuton 

New Haven 

Received for publication, August 12, 1947 
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BIOTIN ACTIVATION OF CERTAIN DEAMINASES 


Sirs 

In .1 i)re\ lous papcr^ we have demonstrated that biotm is involved in the 
dec irbo\ 3 1 ition of oxalacctate It has now been found that the deaminases 
for aspirtic icid, ■'Crine, and threonine may be resolved by the same tech- 
nicjues used previously (exposure of the living bacterial cells to M phosphate 
it pi I i for 30 minutes it 27-37®), and that the lost activity is restored 
specific illy by biotm The data in the table mdicate that a nuxture of 
\ itamins lacking in biotm has little or no effect, while the same nmture 
with added biotm cffcctnel}’’ activates the resolved enzymes Biotm 
alone is \ irtually as actu c as the vitamin mixture The reversal of the 
aspartic deaminase shows a similar response to biotm These results 
demonstrate a second r61e for biotm which may help to explam the results 
of previous imestigators - (See foUowmg page for the table) 

Laboratory of Bacteriology Hebman C Lichstein’ 

College of Agriculture W W Ujibbeit* 

Cornell Uniieraily 
Ithaca 

Received for publication, July 26, 1947 
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Biottii Activation of Deaminases 

Cells of organisms grown 16 to 20 hours at 27° in media containing 1 per cent each 
of yeast extract and peptone, and 0 5 per cent phosphate, except cells of the Gratia 
stram of E coli nhich Mere grown with addition of 0 3 per cent glucose and 0 1 per 
cent formate Cells harvested by centrifugation, washed with distilled water, and 
suspended m ir phosphate, pH 4, for 30 minutes at 27° Reaction run at 37° (volume 
2 ml ) in 0 5 M phosphate at the pH indicated Amino acids added at 0 005 m final 
concentration Reaction stopped at 20 or 30 minutes with trichloroacetic acid, 
centrifuged, and an aliquot of the supernatant analyzed for ammonia by nessleriza- 
tion in a photoelectric colorimeter The increase in ammonia over samples stopped 
at 0 time was taken as an index of deamination 


Organism 


Beami 
nation pH 

QnhjIN) 

No 

additions 

Vitamins 

less 

biotin* 

Yitaminst 

Biotm, 0 1 
y per mJ 

E coll (Gratia) 

L-Aspartic acid 

4 


108 

334 

304 



4 


92 

260 

239 



4 

27 

29 

116 

102 



4 


132 

286 

286 



5 


241 

583 

571 



7 


467 

735 

752 

P vulgaris 


7 

28 



277 



7 

100 

121 


377 

E colt ( 86 G) 


7 

58 

1 


114 



7 

154 

154 


279 

B cadaveris 


7 

49 



120 



7 

76 

84 


23S 

E colt (Gratia) 

L-Serine 

7 

89 



159 


1 

7 

1 69 



117 

P vulgaris 


7 

99 



194 



7 

273 

270 


4SS 

E coh (S6G) 


7 

124 



173 


1 

7 

258 

260 


•i03 

B cadaveris 

1 

7 

39 



95 



7 

117 

117 


249 

E colt (8GG) 

nn-Threomne 

7 

52 



122 



7 

178 

175 


290 

B cadaveris 

1 

7 

29 



78 


1 

7 

45 

56 


lol 


* Vitamins added per ml mcotinic acid 2 5 7 , p-aminobenzoic acid I Ti f ° 
flavin 0 5 7 , pantothenic acid 0 5 7 , thiamine 1 7 , folic acid 067 , pyridoxal 07 
t As vitamins less biotin with free biotm added to yield 0 1 7 per ml of 
mixture We are mdebted to Merck and Company, Inc , for some of the vitamm 
and to the Lederle Laboratories for the synthetic folic acid 












THE RESOLUTIOX \.\'D PURIFIC VTIOX OF GLUTAMIC- 
VRTIC TRANS VMIXASE 

1J\ DOllCLV 1 O'KVNC \\i) I C GUNSALUS 

(From Ihc Laboralory oj BatUnology, College of Igrtcullure, Cornell Umuerstly, 

Ithaca) 

(UicLULd for publication, func 7, 1947) 

In recent studic-i on tr ui'.ammation Giccn, Leloii , and Nocito (1) have 
t)eaj)y ihomi that the glutamic-a^paitic and glutaraic-alanine systems 
Jiuolve tno sepaiate enzjTnes, and have piepaied both in a highly purified 
fat ltd Schlenk and Fisher (2) liavc purified the glutamic-aspartic trans- 
uiunasc by an independent procedure After Snell (3) had postulated 
the transamin ise function of pyridoxai and pyiidoxamme fiom chemical 
an dogies, ind Schlenk ind Snell (i) had presented excellent presumptive 
data for the function of vitamin Ba m transamination, Lichstem, Gunsalus, 
‘Uid Umbreit (5) were able to demonstiate the function of pyridoxal 
phosphate as the cocnzjTne of the glutamic-aspartic transammase of 
bacterial cells Green tl al (1) were able to demonstiate codecarboxylase 
in the purified transaminases bj means of the dopa carboxylase enzyme 
In the bictenal studies (5) the apotransaminase nas obtamed both by 
resolution of the holoenzyme and by the giowth technique in which apoen- 
zyme is obtained b\ luricsting cells from a vitamm-deficient medium 
(0) Kritzmann and Samarina (7) have shoim that pjTidoxal phosphate 
Mill reactivate the partially resohed glutamic-alanine transaminase from 
pig heart In prelimmarj" studies employing the apoenzyme of deficient 
bacterial cells, data wcie obtained (8) which agreed with Snell’s postulate 
of the mechanism of coenzyme action 

In this study the glutamic-aspaitic transaminase from pig heart has 
been completely resolved and the apoenzyme obtained in a high state of 
puuty Pyridoxal phosphate acts as the coenzyme of the resolved tians- 
aminase 


Methods 

Green et al (1) have devised impioved methods foi the study of trans- 
amination which affoid more rapid assay for the enzyme activity When- 
ever possible, their methods were used A few alterations were necessaiy 
for the assay of the apoenzyme instead of the holoenzyme studied by these 
wmrkers 

Enzyme Assay — The foimation of oxalacetic acid by the glutamic-as- 
partic transaminase was measured as follows 
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The mam compaitment of the Warbuig cup contained 0 5 ml of 0 2 
M phosphate buffei, pH 7 3, enzyme, coenzyme, usually 10 7 of pyndo\al 
phosphate, and water to a volume of 1 7 ml These were incubated for 
10 minutes at 37° and the neutralized substrates added fiom the side arm^ 
in this case 0 25 ml each of 0 8 M L-aspaitic acid and 0 4 m a-ketoglutaric 
acid After a 10 minute leaction peiiod, 0 5 ml of anilme-citrate \ns 
added from the second side arm, and the gas evolution (fiom oxalacetic 
acid) read after 10 mmutes This procedure differs fiom the method 
of Green et al (1) m the addition of both substrates from the side arm 
after an equilibration period As shown below, this change was necessi- 
tated by the time lequired for the enzyme-coenzyme complex to reach 
maximum activity It should be borne in mind that the assays reported 
m this paper are foi the total enzyme, the holoenz3nme content may he 
calculated from the per cent resolution 

Because ammonium sulfate inhibits transaminase activity (1), ah 
samples weie dialyzed before assay 

Coetizyme — Synthetic barium pyndoxal phosphate (9) was used through- 
out these studies In some cases the barium was removed with an equiv- 
alent amount of sulfate ion and the coenzyme neutralized to pH 7 and 
preserved by drying aliquots in a lyophile appaiatus 
Enzyme Units and Entity Index — ^The methods of Green et al of expic^" 
mg the enzyme units and the purity index were used 1 unit of glutamic-_ 
aspaitic transaminase is that amount of enzyme which vull foim oxalaccbc 
acid equivalent to 100 micioliters of carbon dioxide m 10 mmutes at 3^ 
(Gieen’s experiments were performed at 38°) 

The purity mdex is based on the light extinction at 280 m/i m ^ 1 c™ 
cell, divided by the enzyme units 

Enzyme Preparatioti — An outlme of the method of purification and rciO 
lution of theglutamic-aspaitic transaminase is shonm in the accompanv^ 
diagiam 6 kilos of fiozen pig heait neie groimd foui times thioi'S^ 
fine mesh food chopper and exti acted at loom temperature with 4 tun^ 
its u eight of distilled natei foi 1 hour The solids were removed h 
straimng through cheese-cloth, neie leextiacted 111th 100 ml of diau 
iiater per 100 gm , and again removed The combmed superiiatau® 
iieic filtered through coarse paper and lefiltered through Schlcichei an 
Schull No 595 paper until cleai 30 gm of solid ammonium sulfd^ 

100 ml were added iiith stiuing at lOom temperature The prccipi ^ 
lias aliened to settle m the lefrigeiatoi overnight and collected bi 1 
tion The filtrate containmg the glutamic-aspaitic enzyme nas 
inth an additional 40 gm of ammonium sulfate and, aftei sett mg, 
piecipitate nas collected by filtiation This precipitate nas 
along nith the filtei paper in 3 liters of distilled natei at looni temper^ 
and stirred mechanically until the filter paper nas disintegmte an 
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Plow Sheet for Punjleatioii of Olulamtc Aspartic Transaminase 
I Ground pig heart, extract with 100 ml H.O per 100 gm , filter 

\ 

Extract with 100 ml II 0 per 100 gm , filter > 

n 

Discard + 30 gm (NII4) SO4 per 100 ml (39% saturation) 


Suspend in II 0, + 10 gm (NH4) SO4 per 100 ml (92% saturation) 

filter I 


Discard Glutamic alanine 
tnrjme 


Suspend in II 0, filter 


Discard 


Discard 


Vdd (NH4) SO4 to 46 gm per 100 ml (60% saturation) 


Suspend in H.O, filter 


Discard 


Discard 


Heat to 60°, cool, 
filter 


Discard + 4 volumes Ca 3 (P 04 ) gel, 30 mm , 

I centrifuge 


Discard + 70 gm (NH4) SO4 (92% saturation) , 

I filter 


Suspend in H 2 O, filter Discard 


Discard Dialyze, filter 


Discard 


Glutamic-aspartic transaminase 
(98% resolved, purity index 0 016) 
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precipitate dissolved The resulting suspension was filtered ivith suction 
and the enzyme reprecipitated by the addition of ammonium sulfate to a 
concentration of 46 gm per 100 mi (assummg the precipitate to he sat- 
urated -with ammonium sulfate) The precipitate was removed by filtra- 
tion and the precipitate, plus the filter paper, uas suspended in 250 ml 
of distilled water , the paper was broken up by mechanical stirring and 
lemoved by filtration mth suction The piecipitate was iv ashed ivith 
100 ml of distilled water, filtered, and the two filtiates combined The 
combmed filtrates Mere heated to 60° m a boilmg is'ater bath and immedi 
ately cooled m ice vater and filtered to iemo\e the coagulum After 
dialysis for 12 houre, further purification ivas accomplished by adsorption 
of impurities mth tiicalcium phosphate gel, the amoimt required to 


Tabi-b I 


Purification and Resolution of Glutamic- ’ispat tic Transaminase 


Prepara 

tlOQ 

Stepa n preparation 

"Cnryme units 
per 100 gm 
pig heart 

Purity index 

Resolutira 

1 

1 

9 

H:0 extract 

22,900 

0 IS 

ptr ant 

0 


Supernatant, 30 gm (NHO-SOi 

4,800 

0 31 

o7 


Ppt , 70 gm (NHO.SO* 

4,500 

0 16 

73 


Reprecipitate, 46 gm (NHd-SOi 

1 5,000 

i 0 09 

99 


Heated to 60°, filtered, dialyzed 

3,000 

0 08 

9S 


Supernatant, CajlPO*)! gel 

i 970 

0 037 

96 


Ppt , 70 gm (NHd-SO* 

940 

0 016 

9S 

o 

H-0 extract 

1 27,700 

i 0 14 

17 

1 


Supernatant, 30 gm (NH«):SO« 

19,500 

0 OS 

oO 


Ppt , 70 gm (NH,) SO. 

12,200 

0 06 

63 


Reprecipitate, 46 gm (NH.bSO. 

13,400 

0 06 

97 


adsorb the impurities being determmed m a pilot experiment After 
the gel was added, the mixture was stirred for 30 mmutes, centnfug < 
and the supernatant decanted The enzyme n as precipitated fro® ' 
supernatant solution with 70 gm of ammonium sulfate pei 100 ml 
flocculation, the precipitate was lecovered by centrifugation, dissoheu ^ 
M ater, and dialyzed 24 hours against distilled n atei The small amount o 
precipitate which formed upon dialysis was removed by centrifugation 
In this stage of purification the apoenzyme nas more highly purified t mn 
the holoenzyme samples so far prepared (1, 2) 

The enzyme units lecoiered at each stage of pmification, the ° 

resolution of the enz^Tue, and its pmity index aie indicated m Ta e 
A second sample of enzjTne i\as earned through enough steps o 
puiification to confirm the resolution (Table I) With this samp e, 
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c\or, iho iiiiinonuini bulf itc ib leinovcd fiom the first glutamic-aspartic 
proLiiiit ito by di iljbis before icpiccipitation with the 46 gm of ammonium 
‘-ulfite Only' ibout one-third of the en/y'mc was lost ivith the first 30 
‘■gm of immonium sulf do piccipitate, is compaied to neaily three-fouiths 
lobt m the lirbt expenmeiit *VfbO, it should be noted that m the second 
prep ird ion tlie yield of enzyme at each stage and the purity index weie 
higher thin m the fust experiment With these mcieases, one would 
predict til It m tlie neighborhood of 10 pci cent of the enzyme present m 
tlie firbt uiucoub exti ut could ha\c been obtained in the purified state, 
as compiled to ibout f pei cent m the fiist preparation 
Seieril dilTcrencob m enzyme lecoxeiy', resolution, and the puiity index 
exist between the dat i icpoitcd m this paper and those of Green et al 
(1) iiid of Schlenk and Fibhei (2) 

The tiinbaminibc ictnity obtained m the first watei extracts were 
from 23,000 to 27,000 units pci 100 gm of pig heart m the experiments 
reported here, is compaied to 6000 m Green’s and about 1600 m the 
Schlenk ind Fi'-hci prcpiiition 

Inasniudi is Gieen lost S5 pei cent of the enzymie m the first precipita- 
tion stop and Schlenk iiid Fcshei recoieied only 5 pei cent of the enzyme 
present in the acctone-diied pig heart, it seems possible that they also 
encountered lesolution This is suggested especially by the 70 pei cent 
resolution of the enzyme by the time of the fiist precipitation (Table I) 
As py'ridoxal phosphite was not available at the time then experiments 
were started, it would not be siupiising if this went imnoticed 
The purity' of the piepaiations also differed Green’s best preparation 
had a puiity index of 0 037, Schlenk’s 0 02, and the apoenzyme reported 
here 0 016 Since i highei state of purity can be obtained with apoenzyme 
than has been possible so fai with the holoenzymie, it seems possible that 
the latter eithei contains some apocnzy'me oi is contaminated wath non- 
specific pioteiii Veiy probably the apoenzyme has not been obtained m 
a pure state, especially since not all of the steps w'hich weie found bene- 
ficial for the piepaiation of the holoenzyme haxe been used 

To add still a thud hypothesis for the presence of fractions wath different 
electrophoretic mobilities m the purified transaminase of Gieen et al , it 
IS suggested that the niactixe fi action corresponds to the apoenzyme 

Activity of Glutamic- Aspai tic Apoti ansaminase 

Dm mg the lesolution of the glutamic-aspaitic enzyme the lepioduci- 
bility of the activity determinations w'as not as close as desirable A 
study of the cause of this difficulty showed that it could be elimmated by 
incubating the coenzyme wath the enzyme before the substrates were 
added This appeared to be due to the time lequiied for coenzyme- 
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enzyme complex formation As shown m Fig 1, the presence of aspartic 
acid, as m the usual assay, retarded the rate at which this equilibrium was 
attamed If the a-ketoglutanc acid was added first and the aspartic 
acid tipped from the side arm, the enzyme activity as estimated was stili 
less As the curve shoiis, the equilibrium was approximately complete 
in 10 minutes if 10 y of coenzyme were incubated with the enzyme, and 
was not complete even at the end of 40 mmutes if either of the substrates 
wms present durmg the incubation period On the other hand, if the 
coenzyme concentration was inci eased to 100 7 pei cup, the equilibnum 
was established ivithin 10 minutes, legardless of the ordei of addition of 




MINUTES INCUBATION BEFORE TIPPING 

Fig 1 Influence of substrates upon the rate of enzyme coenzyme complex 
tion Concentrations as indicated in “Methods ” Pyndo\al pliosphate, 
and substrate incubated as indicated, omitted substrates tipped from the side 


the substiates Increasing the substiate concentiations lesulted m o" 
assay values, especially mth 10 7 of coenzyme . 

In ordei to conserve coenzjune and because satisfactoiy assays co 
be obtained, the 10 minute incubation period was used wath 10 7 


enzjune 

The coenzyane satin ation curve foi the glutamic-aspaitic apotraa» 
aminase is show n in Fig 2 The dissociation constant (Michaelis) ca eu 
lated by the Lineweaver-Buik method (10) is 1 5 X 10~® The 
concentration at half maximum activity is 0 75 7 of pyridoxal ji msp 
pel ml The dissociation constant is comparable to the 7v = 2 1 
found foi the puiified tryptophanase enzyme of Escherichia co i 
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The cliijbociation conbtant of pyndoxal phosphate for the tyrosine de- 
c.irbo\yl'ibo' is 1 5 X 10“* Wictlier this difference is due to a difference 
in the nature of the enzymes or whether the pH affects the dissociation 
w Is not determined The tyrosine decaibo\ylase reaction is run at pH 
5 5, tlie trantamiiuse it 7 5, and the tryptophanase at 8 3 



PiQ 2 Pyrido\al pliosphato saturation curve of glutamic -aspartic transaminase 

SUIIMAKI 

The transaminase enzyme for the ammo acid pair glutamic-aspartic, 
and their lespective keto acids, a-ketoglutaric-o\alacetic, has been le- 
soh cd 

In the piocess of resolution the apoenzyme has been obtained in a 
higher state of piuity than that pietiously attained mth the holoenzyme 
Pyridoxal phosphate serves as coenzyme for this enzyme, the dissocia- 
tion constant being 1 5 X 10"® moles per liter 

The data piesented confirm the function of p 3 ’Tido\al phosphate in 
tiansamination, as demonstrated with the apoenzyme from bacterial 
cells and by mdnect methods of analysis of purified holoenz 3 Tne from 
pig heart 
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V^I>VUTIC-UAXL\E i'R \j\'& iMIX^VSE, AN ARTIFACT 
Uy DOREEX E O’IuVNE a\d I C GUNSALUS 

(/• rom the LaboraloDj of Bacteriology, College of AgncuUurc, Cornell Untversily, 

Ithaca) 

(Rccci\ed for i)ubhcation, June 7, 1947) 

Reportb on truiMinin ition Braunstem (1) and cowoikers have dealt 
tuainij’- with two reactions, referred to as the aspartic system and the 
^hit imic system, each of which transfeis an ammo group to pyruvic acid 
with the formation of ilanme Transamination studies in this country, 
I irgel} by Cohen (2), gai e little e\ idence foi the occurience of the aspartic 
stem, but the glutamic sj stem (3) was studied and an additional enzyme, 
whicli catalyzes the intereom crMon of glutamic and aspaitic acids wath 
their icspcctive keto acids, was leported Moie lecently. Green and 
toworkers (I) ha\e sepaiated and purified the glutamic-alanine and the 
glutamic- ispartic enzymes, and have thus demonstiated that two distinct 
( n7\'mes are involved In connection wath studies of the vitamin Be gioup 
(5), pyridoMl phosphate has been shown to function as the coenzyme of 
both the glutamic-aspartic (G) and the glutamic-alanine (4, 7) enzymes 
Kiitzminn (8) has paitially purified the aspaitic system, in Gieen’s 
nomenclatuie ispaitic-alanine sjstem, and has found that dialysis, pie- 
tipit ition, 01 adsorption of the enzyme results m loss of activity The 
activity was partially lestoied by a concentiate of boiled muscle juice 
(S) and the active agent partially puiified (9) 

In Mew of the lack of evidence toi an aspai tic-alanine tiansammase in 
the woik of the American investigators, and as a lesult of the recent puri- 
fication of the glutamic-aspaitic and glutamic-alanine enzymes, Gieeii 
cl al (4) havn suggested that the aspai tic-alanine activity may occur 
through the combined action of these two enz^TOes, with either glutamic 
acid or a-ketoglutaric acid acting as a link Glutamic acid would answer 
the description of Braunstein and Kritzmann’s coenzyme (9) 

In the attempts to demonstiate the aspartic-alanine leaction it was 
found that the activity of this svstem in aqueous evtiacts of ground pig 
heait is slight as compared to the activity of the glutamic-aspartic and 
glutamic-alanine systems The aspartic-alanine activity can be repro- 
duced by a mixtuie of the puiified glutamic-alanme and glutamic-aspartic 
enzymes in the piesence of pyridoxal phosphate and glutamic acid, or of 
pyndoxal phosphate and heart concentrate 

Methods 

Activity of Transaminases — ICritzmann (8) has followed the activity of 
the aspai tic-alanme transaminase by measurmg the formation of the 
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monocarbo\ylic ammo acid m the piesence of aspartic and pyruinc acids 
as substrates Because of greater convenience we have measured the 
oxalacetic acid formed manometrically (4) The aspartic-alanme activity 
was measured as follows The mam compartment of the Waiburg flask 
contamed 0 5 ml of 0 2 m phosphate buffei, pH 7 3, 100 7 of baiium pyri 
doxal phosphate, enzyme, and 0 2 ml of heait concentiate 01 1 2 mg of 
glutamic acid in a total i olume of 2 0 ml , these weie incubated for 10 
mmutes, and 0 25 ml of 0 8 m L-aspaitic acid and 0 25 ml of 0 4 m pyiuvic 
acid, both adjusted to pH 7 3, weie added fiom the side arm The le- 
action lias alloiied to pioceed foi 90 minutes at 37° and at the end of tlus 
period 0 5 ml of aniline-citiate was added from the second side am 
Aftei a 10 minute period the carbon dioxide, leleased from the oxalacetic 
acid, lias measuied 

The glutamic-aspai tic actinty of the enzyme prepaiations iias raeas- 
uied by the method of Gieen ct al (4), as modified by O’Kane and Gun- 
saliis (10) 

The concentiation of the glutamic-alanme enzyme was deteimined by 
follomng the foimation of pyiuvicacid wnth the salicylaldehyde method, 
as used by Gieen ct al (4) 

Coemifines — Barium pyiidoxal phosphate iias used to leactivate the 
system, especially aftei the fiist piecipitation steps in vhich the glutamic- 
aspaitic system had become lesolved (10) 


Biaiinstem and ICiitzmann’s coenzjnne (9), boiled musch- juice con- 
centiate, vas piepaied as follows 300 gm of finely gioimd defatted pig 
heait i\eie mixed with an equal weight of watei m a Waiing blendorfor 
1 houi at loom tempeiatuie This finely giound tissue Aias heated in a 
bodmg watei bath until the tempeiatuie of the suspension leachcd 90 
and was held foi 5 minutes The coagulum was lemoved by filtiatioji 
with a Buchnei funnel to yield 350 ml of filtiate The filtiate was chille , 
the fat lemoved, and the clear supernatant concentiated tn vacuo 
aiound 50° to a volume of 60 ml 0 2 ml of this concentrate was equ"^ 


lent to 1 0 gm of giound tissue An assay of this pieparation 
doxal phosphate, wath the tyiosme decaiboxydase apoenzjnne (11), 

44 my of barium pyiidoxal phosphate activity per 0 2 ml (per gn’ 


for p'r'" 

glioncd 


tissue) 

The boiled heait concentiate w’^as also analyzed for glutamic acid, 
an acetone-dried pieparation of Eschenchta call (12) which con a 
only glutamic acid decarboxylase 0 2 ml of the heart concentrate coi ^ 
tamecl 180 microliteis (1 2 mg ) of glutamic acid 
Ext) action of Transaminases hy Method of Kiiizmann -830 gm ° ^ 

fatted frozen pig heait were ground thiough a fine mesh foo 
five times The mmced muscle was suspended in 830 ml 0 1^ 
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\\ itcr uicl illowecl to 'll ind in the icfiigciatoi ioi 3 houis uitli occasional 
stirring ilie suspension w is then divided into two poitions One por- 
tion \\ is icntiifugcd to icnio\e the solids and the supernatant uas 
dci lilted Botli piepuitioiis weie lutolyzed at 37° and the aspartic- 
ilinnie ictnity dcttinnncd with uid without the addition of heait con- 
rent r itc 

llus melliod of piepuition fields much moic concentiated extracts 
thui do tho-e cniploNcd liy othei woikeis Cohen's (3) method foi pie- 
piiiiig the ti 111 '' imni I'Os iniohcs sevcial washings of the ground tissue, 
followed hv extriitioii of the enzjmcs with 5 volumes of 1 per cent po- 
l I'siuni iiii ulion itc, tlic method of Gieen cl al (4) employs 4 volumes of 
w Iter loi exti ictioii 


TrnLE I 


Coinpcnitac fraii^aminasc [daily of Waler Exlracl of Ground Heart Muscle 
Conditioiib as ikscrilicd for each sjstcm in “Methods,” enzyme, the supernatant 
from extrielioii of ground tissue with equal weight of water 


SubiUalc 

Enz>mc used 
ml 

Enzyme, units 
per ml 

Enzyme units per 
too gm tissue 

Aspart lie, a ketoglut irate 

0 01 

107 

52 

+ 10 7 Pi ridoxtil phosphate 


200 

97 

\spartatc, pyruvate* 

0 5 

0 16 

0 22 

-f 10 7 pyndoxal phosphate 


0 66 

0 32 

+ Heart conccutralo 


0 58 

0 28 

+ 10 7 pyndoxal phosphate 
ind heart concentrate 


1 32 

0 64 

Glutamate, pyruvate 

0 01 

19 

9 3 


* Units expressed as 100 microlitors of CO per 10 minutes, assay run 90 minutes 


llXPEBIRtCNTAL 

Ihe activity of the supcinatant fiom the aqueous extract of giound 
pig heait muscle foi the three transaminase systems is compared in Table 
I It should be noted that 0 01 ml of the aqueous extract is sufficient 
for the assay of glutamic-aspaitic and glutamic-alanine enzymes, whereas 
0 5 ml IS lequiied foi the aspaitic-alanine assay In addition, a 10 minute 
incubation period is sufficient foi the former, whereas a 90 minute period 
is lequiied with the lattei to detect activity As indicated in Table I, 
the aspaitic-alanine activity is only about 0 5 pei cent that of the glutamic- 
aspartic and 2 per cent of the glutamic-alanme activity 

Kiitzmann (8) has suggested that the aspaitic-alanme enzyme actuity 
may be inci eased bj' autolyzing the giound tissue suspension for sexeial 
days at 0°, oi for seveial houis at 37° The results of such treatment and 
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the influence of the Braunstein and ICritzmann heart concentrate are 
showTi in Table II Autolysis of the ground pulp for 27 hours at 37° re- 
sulted in almost twice the activity of the fieshly ground tissue, the autol- 
ysis largely replaced the effect of the boiled tissue concentrate Incuba- 
tion of the extract, obtamed after lemoinng the pulp, did not result in 
increased activity (Table II) Dialysis reduced the activity by about 
one-half, full activity bemg restored by the addition of the heart con- 
centrate 

Separation of the enzymes w^as accomplished b> ammomum sulfate 
precipitation The tissue suspensions weie autolyzed, the pulp remoiecl, 
and the filtrate heated to 56° to piecipitate meit piotems The trans 
aminase activity of the three systems is shown in Table III It may be 
seen that bettei than 50 1 sepaiation of the glutamic-aspartic from the 

Table ll / 

Influence of Autolysis at 37° on Asparltc-Alamne Transaminase Activity 
Conditions as described under “Methods,” enzyme, 0 5 ml of the tissue filtrate 


Oxalacetate formed per 90 mm 


Autolysis at 37 

0 hr 

7 hrs 

19 hrs 

27 hrs 


mtcroltUrs 

mtcrohiers 

mcroltters 

tntcfohUff 

Tissue brei 

230 

313 

39S 

422 

“ “ -f heart concoii- 

aw 

395 

447 

451 

trate 





Extract (pulp removed) 

232 

172 

170 

17o 

“ -P heart concentrate 

331 

323 

317 

317 

“ after dialysis 





“ -P heart concentrate 






glutamic-alanine systems \ias obtamed by the thud precipitation, Mliere*“ 
traces of aspartic-alanme activity existed m both fractions Heart con 
centrate always increased the aspaitic-alanine actiiuty, and pjTiuo 
phosphate was necessary foi the glutamic-aspaitic enzjmie The glutanuc 
alanine enzyme was not resolved, te addition of pyiidoxal phosphate o 
heart concentrate did not mfluence its actinty After the first prec^ 
tion both heart concentrate and pyridoxal phosphate vere requiie 
maximum aspartic-alanine actmty . 

In further attempts to purify the aspartic-alanine sj’stem and to separa^^ 
it from the two enzymes described by Gieen, it vas found that V 

activity followed both fractions, with a larger amount occurring 
glutamic-aspartic fraction Smce the purified glutamic-alanine 
glutamic-aspartic enzymes had been prepared foi other expcrimen 
fractionation was not carried further 
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Tmili III 

/ nicliunalion of Transaminase Activity 


Fraclion 

1 

1 

Giutomic oipartic , 

rota) units 

Aipartic alanine 

Gluta 

mic 

alanine 

No 

adtlil on‘i ' 

1 

10 y 

pyndojc^l 

pbosplialc 

No 

additions 

lOr 

pyrnjoxa) i 
phosphalei 
+ heart I 
concen 
trate 

No 

idditions 

1 

\\ iler c\lrict, in 1 iblc I 1 

17,700 1 

33,000 

85 

226 

3100 

1st fractionation, 

, Ppt 30 gm (Mf,)SO,| 

585 i 

2 605 

11 

52 

2850 

1st 

‘ 70 

■1,180 

1 16 330 

9 

' 28 

295 

2nd “ 

‘ 30 ‘ 

120 1 

380 

4 

23 

1430 

2nd 

" 70 “ 

SCO j 

j 10,000 

' 10 

23 

None 

3rd " 

“ 2 X 25 gm 

None j 

1 None 

0 4 

0 8 

225 


(MW SOi 


1 




3rd “ 

‘ 3b yw (NIlASOi 

COO 1 


3 

1 ^ 

None 

25 gm + 3i) gm 

(Mb) SOi ppts 

1 

j 3,052 

7 4 

1 23 4 




Fig 1 Aspartjc aJanme activity of purified transaminases 0 3 ml of glutamic- 
alamnc (12 umts per ml ) and of glutaimc aspartic (22 units per ml ) were used 
Concentrations as described under “Methods ” 

The results of testing the puiified systems foi aspartic-alanine activity, 
singly and m combination, are shown m Ifg 1 The purified glutamic- 
aspaitic system in a concentration ol 0 3 ml per Waiburg cup itas prac- 











iii’oxidvm: vcTivm of iioc. hemoglobin 

VXD MUSCLE EXTRACT" 

Ih HI ri\ M WAnSt ^ND DV-IIWEI PENG 

(/ roiii the Diifston of Hume Lcoiwmtcs of the Institute of Agricultural Sciences, 
'^tnlu College of 11 ashingtoii, Pullman) 

(Htecued for publicilion, June 9, 19-17) 

TIk dc\elopmcnt of i uiLidity and the disappearance of the pmk coloi 
01 stored pork ire serious ])ioblcms in the meat industiy The lancid meat 
has an unplcas,int odoi ind fl i\oi Mso the lancid fat is mildly toxic and 
destroys food itccssoncssutli is vitamin A, c iiotcne, vitamin E, vitamin D, 
p intothenic icid, pyridoxine, and biotin (1) The development of lancidity 
Is due to the o\id ition of uns iturated fatty acids m the pork (2) The 
dis.ippc iraiice of the pmk color is due to the decomposition of hemoglobin 
(3) llie two rcictions aie coiielated Rancidification is accompamed 
by the transformation of tlic oiigmal pink color of pork to giay oi bro^vnlsh 
giJty (i) 

Lea (5) demonstrated the presence m poik muscle of a hpoxidase capable 
of accelerating pci oxidation of unsaturated fatty acids of pork fat The 
enzyme was hcat-labile and its activit 3 ’’ w'as influenced by the pH of the 
medium, falling off from high values below pH 5 3 to zero activity at pH 7 
X^o furtiiei work has been icpoited on identification of this enzyme 

The hpoxidase activity of iron porphyrins has been established in- 
dependently by a numbei of w'oikeis (G-10) Robinson (6) demonstrated 
a maikcd acceleration of oxygen uptake by linseed oil in the presence of 
hemoglobin, methemoglobin, and hemin, but no acceleration by iron-free 
hematoporphyrin Ilaurowutz and coworkeis (7) showed that peroxida- 
tion of unsiiturated fatty acids by hemins was accompanied by destruction 
of the hemin molecule with loss of coloi Since pork contains both hemo- 
globin and the closely related myoglobin, it might be assumed that the 
hpoxidase activity of poik muscle juice could be asciibed to its content of 
these hemin compounds Rancidification and accompanying discoloration 
of raw pork (4) could be explamed on the same basis 

However, little positive evidence exists for the identity of hemoglobin 
(oi myoglobin) and pork hpoxidase There are no comparisons of the 

* Published as Scientific Paper No 724, College of Agriculture and Agricultural 
Experiment Stations, Institute of Agricultural Sciences, State College of Washington, 
Pullman, Washington Taken from a thesis presented by Da-Hwei Peng as partial 
fulfilment of the requirements for the degree of Master of Science, State College of 
Washington, 1947 

t Present address, Syracuse University, Syracuse, New York 
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LIPOXIDA,SE ACTIVITl OP HEMOGLOBIN 


A poition of filtiate containing appioximately 0 5 gm of fat was then 
used for the detennination of the pei oxide numbei by a slight modification 
of the Wheelei method (14) The peroxide numbei was expressed as nui o 
pel oxide per 1000 gm of fat 

Phosphate Biiffei Blank — Pei oxide numbers were also run on a senes ol 
phosphate buffei-laid nuxtures at vaiious pH values in oidei to coirect 
values obtamed with muscle extract or hemoglobin The phosphate buffei 
blanks iveie made by mixing 10 gm of the caiotene-lard mixture and 1 5 
ml of diluted phosphate buffei solution (1 pait of 0 2 m phosphate buffer 
and 2 parts of distilled watei ) The mixture was treated m the same man- 
nei as the lard w ith added muscle extract oi hemoglobin solution 



Fig 1 Peroxide number of lard-phosphate buffer mixture after 72 hours The 
horizontal line indicates the peroxide number of the distilled water-lard mixture 

ResuHs 

Effect of Phosphate Buffers on Oxidation of Lard — ^Phosphate inhibi^ 
lard oxidation at low' pH values, but the inhibitory effect was rapidly o= 
at pH values abot e 6 5 (Fig 1) Similai results were reported by 
(15) j 

Catalytic Effect of Muscle Extract and Hemoglobin on Oxidation of 
at Various pH Values — ^Preliminary expeiiments on muscle extrac 
hemoglobin solutions earned out at the origmal pH of these 
proximately 5 8 foi muscle extract and 7 0 foi hemoglobin) without 
buffer show'ed a marked catalytic effect on the oxidation of lar m 
cases The hemoglobin caused more rapid oxidation than the 
tract in all cases, but, since the concentration of hemoglobin was n 
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Jiiblcd to th It of the muscle evtrict, part at least of the obseivecl diffeiences 
\.eie undoubtedly duo to coucentrition differences 
Ihe addition of phosph xtc buffer (pll 5 8) to a muscle e\tiact at the same 
original pII rcdiu cd the r ito of o\idation over that obtained from the same 
concentration of muscle c\ti'act alone Appioximately the same inhibition 
\>-a3 obtained a\ ith 1 ird-phosphate sj'stems at this pH (see Fig 1) 

Fig 2 shows the effect of pll on the lipoxidase activity of muscle extract 
m phosphite buffers The pei oxide numbers of the buffei-laid contiol 



I iG 2 Effect of pH on oxidation of muscle extract Jard combinations at various 
time intervals Curve A, 08 hours. Curve C, 141 hours, Curve B, the average of re- 
sults at four time intervals 

at each pH xvere subtracted from the muscle extract values before plotting 
The “hemoglobm” content of the muscle extract was 0 137 gm pei 100 ml 
The peroxide numbers weie determmed at seveial intervals (68, 114, 141, 
and 164 hours) The average values of the four deteiminations of peroxide 
number xvere calculated and plotted as a function of pH 
The catalytic effect of muscle extract xvas greatly influenced by the pH 
The acceleiatmg effect of acid in the pH range of 5 to 7 was similar to that 
reported by Lea (5) Lea did not extend his obseivations beyond this 
range On the acid side of the curve, the maximum activity of muscle ex- 
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Heal Inacltvaltoii of Hemoglobin and Mnecle Extract — This experiment 
compared the effect of heat on the hpoxidase activity of muscle extract 
with its effect on hemoglobin at the same pH (5 3) 10 ml of phosphate 

buffei solution and an equal quantity of muscle extract oi hemoglobin 
solution weie pipetted into a small beaker The mixture was heated 
rapidly on a boihng watei bath to the desired temperature After cooling, 
the precipitate was giound in a mortal and 1 5 ml of the suspension i\ere 
added to 10 gm of caiotene-lard The results are shown m Figs 4 and 5 



DAYS 

Fig 4 Effect of heating muscle extract at pH 5 3 on its hpoxidase activity OurW 

A, unheated, Curve B, 60° for 30 minutes. Curve C, 70°, Curve D, 80°, Curve E, 
90°, Curve P, 70° for 15 minutes, and Curve X, distilled uater control 

The effect of heat on the muscle extract was similai to that on henio 
globm Heated to 70°, only a part of the catalytic effect of muscle extract 
or hemoglobm was destroyed, but at 90° a flocculent coagulum appeare 
and no catalsdic activity remamed When muscle extract or hemoglohm 
was held at 70° for 15 minutes, precipitation occmred and their catalytic 
effects were destroyed completelj 

Rancidity development m frozen cooked pork sausage has been shown 
be mdependent of the pH Cooked sausage turned rancid much more 
slowly than raw sausage, except at the highest pH of normal por ' 

Effect of Dilution on Lipoxidase Actimly of Muscle — ^Fig 6 shows 
effect of dilutmg muscle extract and hemoglobin at the same pH (o 




Fig 6 Effect of dilution on the lipoxidase activity of muscle extract and hemo- 
globin after 115 hours Curves I, I', no dilution, Curves II, II', one-third dilution. 
Curves III, III', two-thirds dilution 

A 10 gm portion of carotene-lard was mixed with 1 5 ml of solution 
The solutions were prepared m three different dilutions In Curve I, 
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the solution contained 3 ml of phosphate bulfei solution and 3 ml of muscle 
e\tiact or hemoglobin, in Cuive II, 3 ml of phosphate buffei solution, 
1 ml of distilled water, and 2 ml of muscle extract oi hemoglobin solution, 
in Curve III, 3 ml of phosphate buffer solution, 2 ml of distilled iiater, 
and 1 ml of muscle extract or hemoglobin solution 
The concentrations of muscle “hemoglobin” and blood hemoglobin 
were the same, 0 103 gm per 100 ml The activities of both hemoglobm 
solution and muscle extract decieased with decieasing concentiations 
As pieviously shoivn (Fig 3), hemoglobin caused only a slightly greater 
increase m oxidation of the fat than that brought about by undiluted mus 
cle extract at this pH Hou ever, the effect of muscle extract fell off more 
lapidly than that of the hemoglobm solution on dilution 


Table I 

Effect of Cyanide on Lipoxidase Activity of Muscle Extract and Hemoglobin Solution 

Exposed in Darkness 


Solution added to lard 

Peroxide No , U days 

Muscle extract 

3 8 

“ “ + KCN 

4 4 

Hemoglobm solution 

3 3 

“ “ + KCN 

3 2 

Table II 


Effect of Cyanide on Lipoxidase Activity of Hemoglobin Solution Exposed in 

Room Light 

_ 

Solution added to lard 

Peroxide No, 3 SU* 

Hemoglobin solution 

22 7 

“ “ + KCN 

21 4 


It seems probable that the hemoglobm concentration within the muse e 
may be a factoi m determinmg rate of rancidification of meat Compur' 
sons of rancidity development m light and dark muscle from the same 
animal would be of interest 

Effect of Cyanide — ^The lipoxidase activities of muscle extract and henio 
globm solution ivith and inthout addition of potassium cyamde were com 
pared m this expeiiment For the control, the solution added to the ar 
consisted of equal parts of phosphate buffer, distilled water, and 
extract or hemoblobm solution In the case of the cyamde samples, > 
distilled water was replaced by 0 03 m KCN The pH of the 
buffers was adjusted in preliminary experiments so that the nna p 
the mixtures w as 5 4 The results are shown m Tables I and II 
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llic loiuentritioiib of liemoglobm m the muscle e\tiact and hemo- 
globin solution wcic not adjusted tolonmeti ically in eithei experiment 
V more concentritcd hemoglobin solution was used in the second experi- 
ment (Tvble II) 

U pll 5 1, potissium cvanide solution added to the muscle extract 
or hemoglobin solution did not inhibit their hpoxidase activities These 
risvilts ire in agicement with tliose of Robinson (6) Barron and Lyman 
(0) reported in inhibitory effect of KCN on hemin catalysis at a pH of 
d, but the cfltct bee line \ uiishingly small at pH values below 7 



Fig 7 Correlation of carotene destruction with peroxidation of lard cataljzed 
bj muscle extract or hemoglobin solution 

Correlalion of Carotene Desli action with Pei oxide Number of F at ^During 
the oxidation of unsaturated fatty acids in the presence of muscle extract 
or hemoglobin solution, /J-caiotene added to lard was destroyed (Fig 7) 
Some destruction of carotene preceded the first detectable increase in perox- 
ide number At a peroxide number of 9, approximately 50 per cent of the 
carotene was destroyed Sumner and Sumner demonstrated that 
caiotene was destroyed very rapidly by the hpoxidase of soy bean meal 
in the presence of unsatuiated fatty acids (11) 

DISCUSSION 

The evidence presented in this paper supports the view that the lipox- 
idase activity of pork muscle is due to its hemoglobin (or myoglobin) 
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content The magnitude of the catalytic effect of muscle extracts on fat 
pel oxidation was only slightly less than that produced by the same concen- 
tration of hemoglobin at pH 5 Neithei hemoglobm noi muscle extract 
catalysis was affected by cyanide, both catalysts were destroyed by heat- 
While it was true that pH had very little effect on the catalytic actmty 
of puie hemoglobm solutions, -whereas the activity of muscle extracts 
rapidly fell to zero as the pH was mci eased from 5 to 7, the evidence 
clearly demonstrated that this diffeience in behavior is ascribable to mhib 
iting substances m the muscle extracts The same inhibitory effect 
of pH was obtained when blood hemoglobm was added to muscle e\ 
tract 

The inhibitory substances were not identified The mhibition could 
conceivably have been caused by phenolic and synergistic antioxidants 
of the type so well established by Mattill and covoikers (17) However, 
there seems to be no published evidence to indicate that pH changes in 
this range have a marked effect on the antioxidant activity of tocopherols 
or other mhibitors 

Bmding of the hemoglobm molecules by oppositely charged muscle 
protems in the region of maximum inhibition would seem to be a more 
reasonable explanation This is supported by the observation that, at the 
pH of maximum precipitation of muscle protems, inhibition of hemoglobin 
catalysis is at a imnunum It would be of mteiest m this connection to^ 
free muscle extract from the bulk of the muscle proteins by precipita- 
tion at pH 5 2, and then determme the lipoxidase activity of the supernatant 


solution as a function of pH 

Applications of these findmgs to the problem of rancidity m pork have 
already been pomted out (4) Their possible physiological significance 
has not been explored At the normal pH of the resting muscle, the cata 
lytic actmty of hemms was at a minimum, but even in this pH range (70 
to 7 4) the effect might be appreciable m the more concentrated myogIcfi*“ 
solutions of the mtact red muscle Drop m pH withm the muscle afttf 
stimulation or voluntary work normally amounts to 0 1 to 0 3 pS > 
and may reach 0 7 pH under conditions m which the normal blood 


mterfered -with (18) 

Tocopherols and other phenolic substances capable of forming quinones 
have been shown to mhibit the hemoglobin-catalyzed oxidation 
saturated fats (10) Tissues from animals deprived of tocopherol o 
much higher oxygen consumption than corresponding tissues from ^ 

fi pimals (19, 20) Ascorbic acid and other synergists reinforce the m 
itmg action of tocopherols on unsaturated fat oxidations, althoug 
tivity of such synergists on hemm-catalyzed oxidations of fat has 
ently not been explored Increased oxygen consumption has a so 
reported m ascorbic acid-deficient guinea pig tissues (21) 
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It would be of mtcicat to know whether the lucieased oxygen consump- 
tion in tissues of uimi ds depiued of vitamins E or C can be attributed to 
m iccclcrition of the coupled oxidation between hemins and unsatuiated 
►■fats The i61e of tlie entiic system (unsatuiated fat, hemin catal 5 st, 
tocopherol, md olhei intioxidants) m biologic il oxidations is still ob- 
seuie 


STIMliIABY 

1 The ellcct of poik muscle extract on the peioxidation of lard was 
compircd with tint of i hemoglobin solution obtained fiom hog blood 
\t pll 0 , the muscle extract caused only slightly less acceleration of 
oxidation than a hemoglobin solution adjusted colorunetncally to the same 
hemin content 

2 The citalytic effects of both muscle extiact and hemoglobin weie 
destrojed b\ licit, deci eased with dilution, and were unaffected by cyanide 
at pll 5 3 

3 ^lusclc extiact contained substances which piogressively inhibited 
the catalytic effect of native or added hemoglobin m the pH range 5 to 7 

1 The lipoxidase actu lt^ of muscle extract is believed to be due to its 
hemoglobin (or mjoglobin) content 
5 Applications of the findings to rancidity development m pork are 
discussed, as well as their possible physiological sigmficance 
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REJUVENATION OF MUSCLE ADENYLIC ACID NITROGEN 
IN VIVO STUDIED WITH ISOTOPIC NITROGEN* 

HERMAN M IviVLCICVRf and D RITTENBERG 

(hroni the Dtvtston of A iitritwii and Physiology, The Public Health Research Institute 
of The City of Acid 1 or/ , Inc , New York, and the Department of Biochemistry, 
College of Physicians and Surgeons, Columbia University, New Yorl) 

(Rccci\cd for publication, June 13, 1947) 

It jb kilown th it in skeletal muscle adenylic acid is deaminated to mosimc 
acid if the mubde is hub]ected to stiong tetanic contractions (1-3) Ino- 
fainic conipoundb are bubscqucntly leaminated to adenylic acid compounds 
during the aerobic recoveri peiiod (4, 5) However, it has not been 
possible to demonstrate deamination-ieamination in the lesting muscle 
or during modeiate musculai woik tn vivo This might be intei preted in 
ti\o nays Either deamination-ieamination of adenylic acid takes place 
only during severe muscular work oi a deamination-reamination occurs 
under all circumstances, but the late of the reamination, being higher than 
that of deamination, bars any accumulation of deamination pioducts 
Barnes and Schoenheimei (6) m th^ir studies of the purines of nucleic 
acids and nucleotides found that , w'hereas the niti ogen of nucleic acid purines 
was undergoing a considerable lejuvenation, the nitrogen of muscle adenylic 
acid showed an N^° concentiation which amounted to only 20 per cent of 
that of the total nitiogen (ring N as well as ammo N) of the purmes of 
nucleic acids This could mean eithei that the rate of rejuvenation of 
adenylic acid N was only one-fifth of that of nucleic acid N or that only one 
of the five nitrogens of adenylic acid was undergomg rejuvenation In 
order to decide between the two possibilities, techniques were developed m 
the present series of studies w'hich made it possible to collect separately the 
G-ammo nitrogen and the rmg nitrogen of muscle adenylic acid from rats fed 
N'®, and thus to differentiate betiveen the N*® concentration of the two 
sources of nitrogen The N*® was admmistered as ammonium citrate by 
stomach tube and the animals were saciificed after 7 to 8 hours (for details, 
see “Experimental”) Adenyl pyrophosphate was isolated from the 
muscles and puiified as crystallme adenylic acid The 6-ammo N w as split 
off by means of the specific adenylic acid deaminase (7, 8) The rmg 
nitrogen (inosmic acid) and the ammonia derived from the 6-ammo group 
w'ere analyzed separately for N*® An N^® analysis of the nitrogen of 

* This work was in part supported by grants from the Josiah Macj , Jr , Foundation 
and the Nutrition Foundation, Inc 

t Present address. Institute for Medical Physiology, University of Copenliagen, 
Denmark 
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adenylic acid was also made in order to obtam a value of 6-ammo mtrogen 
plus rmg nitrogen combmed The enzymatic deammation not only insures 
greater specificity but also permits direct isotope detennmations of the 
ammo N, whereas deammation by nitrite would release the ammo N as- 
molecular nitrogen which would be lost 

The isotope concentrations of the various N fractions are given m Table 
I 

It can be seen that the isotopic nitrogen of muscle adenylic acid is con- 
fined to the 6-amino gioup ivith little or no N*® in the rmg nitrogen The 
N'® concentration of the adenme N as calculated from the values of 
6-ammo N and the ring N would be 0 019 to 0 020 atom per cent excess, 
which is m good agieement with the value 0 021 atom per cent excess 
actually found 

These results indicate that the adenyhc acid m skeletal muscle is subject, 
tn VIVO, to a very lapid deamination-ieamination The rate of this am- 
monia cycle vaiies probably with the degree of activity of the skeletal 


Table I 

iV“ in Various Parts of Muscle Adenylic Acid after Enzymatic Deamination 


Type of nitrogen 

Atom per cent 
eicesa N“ 

6-Aiiuno N 


Ring N from hypoxanthine-nbose phosphate 


Total N of adenylic acid 



muscle A comparison of the rates of lejuvenation of the O-aromo N m 
resting muscle (for instance a paralyzed hind leg) and in the contracting 
muscle would undoubtedly be of interest The muscle mvestigatcd m the 
present senes of studies must be considered as being in a state of fairly high 
activity 

Inasmuch as studies of the nitrogen metabolism in vivo, with as tracer, 

so far have been performed ovei a longer period of time (24 to 72 
feedmg experiments), it was considered of interest to determine the ri 
concentration m a number of other mtiogenous compounds m miisce 

The punnes of the nucleic acids of skeletal muscle were isolated according 
to the method of Graff and Maculla (9) and the nitrogen subjected^to 
isotope analysis It was found in one experiment that the excess - 
concentration of the nucleic acid purmes amounted to 0 030 atom per ee 
after 7 to 8 hours The location of the in these compounds vas no 
deteiTOined, smce the amount of nucleic acid obtained from skeletal mus 
was not sufficient to permit any fractionation It will be recalle 
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Barnes nncl Schocnlieiinci (G) found tliat the N*® in the hvei nucleic acid 
seemed to be f iirlj^ eeju illy distributed between the amino N and the ring 
N of the purines 

'■ The amide nitrogen and glutimic acid mtiogen of the muscle protems 
were ilho buiijcctcd to in N''* analysis The N*® concentration of the amide 
w IS high (0 100 atom per cent excess) The N'® concentration of the 
glutamic leid imountcd oiilv to 0 020 atom pei cent excess 

It IS of interest th it the glutamic acid N which is considered to have a 
relatively high rite of rejuvenation, even ui muscle, in an 8 hour experi- 
ment attained an isotopic concentration which was only about one-fifth of 
that of the G ammo N of muscle adenylic acid The amide N, on the other 
h ind, ittaincd an N'-* concentration even higher than that of the 6-ammo 
X of the adenylic acid 

Tlie mechanism of roaniination of mosmic acid to adenylic acid is not 
Known as yet The studies presented here render it improbable that glu- 
tamic acid directly rcammates mosmic acid The lugh concentration 
of the amide X suggests amides as a possible source of nitrogen for this 
reanunation How ever, no definite conclusions regardmg the pathway of 
the ammonia cycle m muscle are possible at the present time 

EXPEELMENTAL 

Three male rats w eighmg 350 to 400 gm were fed 2 4 gm of ammomum 
citiate containing 33 atom pei cent excess N*’ The ammonium citrate 
solution was administered by stomach tube in three equal portions at 2 
hour intervals The rats were sacrificed 8 houm after the first administra- 
tion of N*' The carcasses were chilled in ice and the skeletal muscles of 
the three rats w^ere pooled (weight approximately 200 gm ) Adenyl 
pyrophosphate w'as isolated accordmg to Lohmann’s method and the pure 
adenyl pyrophosphate was subjected to dephosphorylation of the labile 
groups m baryta The adenylic acid was precipitated with lead acetate 
and finally reciystallized twice as the free acid from aqueous solution 
The crystalhne adenylic acid was dried at 80° %n vacuo, yield, 70 2 mg 

Analysis of Crystalline Adenylic Acids — ^Total N (Kjeldahl, 18 hours) 20 3 per cent, 
theory 20 1, total P (no inorganic P) 9 08 per cent, theorj 8 94, nbose 43 8 per cent, 
theory 43 2, molecular Bjjo = 1 6 X 10‘, theory 1 5 X 10’ 

A solution of this material, treated with muscle deammase, gave in the 
ultraviolet spectrophotometer (c/ (8)) —A log (zoA)%^ = 0 208 for 10 
y of nucleotide per ml , theory 0 196 

concentration was 0 021 atom per cent excess 

Enzymatic Deamination of 5-Adenylic Acid to S-Inoiinic Acid — ^A solution 
if 28 mg of adenylic acid m 4 ml of water was neutralized with n NaOH 
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, to pH 6, and 0 5 ml of 0 7 m potassium acetate (pH 6) was added, followed 
2 ml of dialyzed muscle deammase, blank, enzyme mixture without 
adenylic acid Abquots of 50 c mm were drawn from the adenylic acid 
mixture and from the blank at the start of the expenment and after 2 and 
4 hours mcubation at 37“, and the ultraviolet spectrum was determined 
The absorption of the enzyme was subtracted When the adenylic acid 
mixture had attained a pure mosinic acid spectrum (cf (8)) the reaction 
was stopped with 1 ml of 20 per cent trichloroacetic acid Inosmic acid 
w'as precipitated with lead acetate, the blank was treated hkewise, although 
very little precipitate developed The supernatant was used for analysis 
of the 6-amino group The solution of free acid was analyzed for P and 
N N P, found 2 05, theory 1 83 

The mosmic acid fraction was free of adenylic acid This appears not 
only from the ultraviolet spectmm but also from the fact that addition of an 
active muscle deaminase to an ahquot of the mosmic acid solution did not 
cause any decrease in the density at 265 mu 
The concentration was 0 007 atom per cent excess 
6-Am%iio Nitrogen — The mother liquors and washmgs from the lead 
precipitation were treated with HaS The lead sulfide was removed by 
filtration and washed twice with water The filtrate and washings iiere 
acidified and aerated, then made alkalme and steam-distilled The am- 
monia derived from the deaminase preparation constituted only about 1 
per cent of that of the 6-ammo group and did not contain any excess 
The N*® concentration of the 6-amino group was 0 093 atom per cent 
excess 

Analysis of Purines of Nucleic Acid from Muscle — ^Puiines were isolated 
as copper salts, accordmg to the method of Graff and Maculla (9) 

An ahquot was freed of Cu by treatment with H;S, the sulfide i\ ashed 
se\ eral tunes with hot watei , and the filtrate analyzed foi guanme by means 
of guanase at 290 mp (10) 

The amount of pure N m the w'hole sample calculated from this anal>'S'=’ 
w as 3 1 mg , found, by the direct Kjeldahl method, 3 7 mg The 0 6 mg 
excess is presumably derived from the pyrimidme compounds, which are to 
some extent hydrolyzed by this procedure 

The concentration w as 0 030 atom per cent excess . 

Amide N — A. 3 gm sample of acid-insoluble muscle residue was nas 
twice with dilute tiichloroacetic acid and hydrolyzed for 24 hours m - 
per cent HCI at 105° Amide nitrogen was obtained by the usual pro 
cedure 

Amide N 1300 concentration 0 100 atom per cent excess 

acid hj drochlonde n as isolated bj the usual procedures from 40 gm of muse c 
Xn concentration 0 020 atom per cent excess 
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SUMMARY 

1 Following the administration to rats of ammomiun citrate labeled 
with N‘* 1 high concentration of isotope is found m the 6-amino nitrogen 
of the idciiylic acid of skeletal muscle, thus mdicating a very rapid, reversi- 
ble de unin ition 

2 Under the same conditions the glutamic acid of the muscle protems 
showed an isotope concentration only one-fifth of that of the 6-amino N 
of the adenylic acid, w hereas the amide N had a higher value Amides 
arc suggested as a possible source of nitrogen for this rapid rejuvenation 
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C'vunox DIOXIDE FIX^VIIOX IN I&OCITRIC ACID* 

IJi &VMIAC.0 GRISOLI\ a\d BIRGIT VENNESLAND 
(Irom the Department of liwchemtstry, University of Chieago, Chicago) 

(IRtoivcd for publication, June 17, 1947) 

Ochoa, (1, 2) h u, dcinouhti ated the occuuence m pig heait of an enzyme 
capable of the rc\ crsible dccaiboxylation of o\alosuccimc acid When iso- 
citric ddiydiogenifcc i-i iL-o picsent the enzyme system can catalyze the 
net reaction 

(1) laocitnc acid + IPNoi i=; a ketoglutanc acid + CO. + TPNred 

Evidence supporting the existence of this leaction -was obtained spectio- 
photometrically, by measuiing the hght absoiption of reduced tiiphospho- 
pjTidine nucleotide (TPN) at 340 mp Ochoa has also coupled the reaction 
V ith the glucosc-6-phosphate dehydrogenase system, demonstratmg the for- 
mation of isocitnc acid from a-ketoglutarate, CO 2 , and reduced TPN In 
the presence of acomtasc, citiic acid is formed Using the conditions rec- 
ommended by Ochoa,' r\c have been able to confirm these results 
Indnect evidence foi the existence in pigeon hvei of an oxalosuccimc 
carboxylase had previously been obtained by Moulder, Vennesland, and 
Evans (3) Ochoa' has confirmed these findmgs by testmg the decar- 
boxylation of oxalosuccmic acid directly The enzyme m pigeon hver, like 
that m pig heart is also associated rvith an isocitric dehydrogenase It 
seemed desirable to obtain a confirmation of the reversibihty of reaction 
(1) by an independent method, and this has accordingly been done with 
isotopic carbon This papei piesents exadence that extracts of pigeon hver 
acetone powder cause the incorporation of C" (added as bicaibonate) into 
the /3-carboxyl group of isocitnc acid xvhen a-ketoglutarate and isocitrate 
aie incubated together There is no detectable net chemical leaction 
between these two substances 


EXPERIMEXTAL 

Methods 

The pigeon hver enzyme used was the dialyzed acetone powder extract 
described by Evans, Vennesland, and Slotin (4) Isocitnc dehydrogenase 
was the type of preparation designated "enzyme C” by Adlei et al (5) 

* This work was supported in part by grants from the John and Alary R AlarUe 
Foundation and from the Dr Wallace C and Clara A Abbott Memorial Fund of the 
Umversity of Chicago 

^ Oehoa, S , personal commumcation 
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Acomtase was piepared by ammonium sulfate precipitation of pig hear) 
extracts ^ TPN of 80 per cent punty was prepaied by a modification- oi 
the method of Warburg, Christian, and Griese (6), the yellow enzymi 
by the method of Waiburg and Christian (7) ® dl-Isocitnc acid was synthe- 
sized according to Pucher and Vickery (8) a-Ketoglutaiic acid was pre- 
paied accordmg to Neuberg and Ringer (9) 

The measurement of C^^ activity was done "essentially according to the 
procedure recommended by Reid (10) with a thin nuca ivindow counter 
For accurate determination of activity, samples of CO 2 were collected in 
C02-free NaOH, and conveited to BaCOs, which vas washed well, siis 
pended m the imnimum necessary volume of ethanol, and transfer! ed to 
aluminum disk containers of known diameter Evaporation of the alcohol 
resulted in a uniform layer of precipitate, the thickness of which was de 
termined from its weight and the area of the disk After correction for 
self-absorption, such samples gave readily leproducible counts pioportional 
to the specific activity of the caibonate Results ai e expressed as per cent 
of the specific activity of the bicarbonate of the medium at the end of the 
reaction 

Foi quahtative determinations of the presence of C*^ some preparations 
weie counted directly as diied films Such deteiminations vere not as ac- 
curate as those made on BaCOa precipitates, but seived a useful puipose 
for onentation studies, since the presence 01 absence of C“ in a particular 
fraction could thus readily be deteinuned mthout conversion of the sub 
stance to CO 2 


Incoi poi attoji of into Isocitrate — The enzyme leaction mixture con 

tamed the following components 0 013 m df-isocitrate, 0 033 m a-ketogluta 
rate, 0 0007 m MnCb, 0 005 u NaHC^Os, 150 7 of TPN, and 4 0 ml of 
pigeon hvei extract The total volume of the leaction mixture 11 as 15 0 
ml The pH of the medium v as 7 4, the buffei being fm nished by the 0 025 
M phosphate of the enzyme The mixture was incubated at 40° foi 2 hours 
in the absence of a gas phase CO 2 determinations made at the beginniOo 
and at the end of the incubation indicated that no appieciable formation 
of CO 2 occuiTed The reaction was stopped by the addition of 5 0 ml 0 
10 per cent metaphosphoric acid The C“02 hberated on addition of aci 
u as collected m alkali and precipitated as BaCOs foi deteimination of ra 10 
activity The last traces of were v ashed out vuth C02 gas 

piotem precipitate uas centrifuged off, and the supernatant vas oxbao e 
with ethei m a continuous extractor until all the organic acids ha eon 
lemoved from the aqueous portion The ether vas evaporated an 


» Altman, K I , unpublished method , 

’ We are grateful for the generous cooperation of Air K Altman who supp 1 
preparation 
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rcbidiie neutr ilizccl iiid l)rougIit to a volume of 2 0 ml This lesidue coa- 
hislcd m unly of v mixture of isocitrate, citrate, and a-ketoglutarate The 
citrUc u IS foimed fiom the isocitiate by the action of acomtase present 
in the jiigeoii liver enzjme Evaporation of an aliquot to a dry film and 
determin itioii of r idio icti\ity diiectly indicated that consideiable CO 2 fixa- 
tion h ul occurred Tlie specific activity of the film was about 10 per cent 
of the specific activitj' of the BaCOj prepared from the bicarbonate of the 
medium 

To localize tlie position of tins fixed C“, an aliquot of the ether extract 
w is iirecipitatcd witli 2, 1-dimtrophenylhydiazinc 21 5 mg of the 2,4-di- 
nitrophcnylhydr izone of a-ketoglutanc acid contained no appieciable ladio- 
ictivity, iiidic iting that the C‘‘ content of Qr-ketoglutanc acid was neghgi- 
ble It w IS estimated th it if 1 carbon atom in a-ketoglutarate contained 
0 5 per cent of tlie ictivit j' of the bicarbonate of the medium it could readily 
ha\ e been detected Tlie conversion of the a-ketoglutarate to CO 2 would 
not give a method of detection much more sensitive than the direct count 
of the precipitate 

Ihe rcmaindei of the other extract was treated with isocitnc dehydro- 
genase in the presence of Mn++, TPN, yellow enzyme, methylene blue, and 
O 2 to remove the d-caiboxyl caibon of the isocitnc acid The procedure 
Mas essentially that described by Adlei et al (5) Acomtase was added to 
insure the convei'sion of all citrate to isocitiate The reaction mixture was 
made up to contain 0 0005 m MnCU, 0 005 ai vei onal buffei , pH 7 4, and 
0 0001 M methylene blue 15 mg of yellow enzyme of 10 per cent purity, 

0 4 ml of acomtase, 2 0 ml of isocitnc dehydi ogenase, and 150 y of TPN 
were made up with the sample to a total volume of 10 6 ml The mixture 
was incubated foi 5 hours at room tempeiature in a continuous stream of 
C02-free an The au ivas subsequently passed through alkali to absorb 
the CO 2 which had been formed during the reaction At the end of the 
reaction acid was added to insure the complete liberation of the CO 2 

Under the conditions of this reaction the isocitnc and citric acids present 
in the sample were decomposed to give CO 2 and a-ketoglutanc acid The 
CO 2 so formed must originate from the /3-carboxyl carbon However, on 
prolonged incubation a-ketoglutaiate may also yield CO 2 as a result of a 
secondary oxidative decarboxylation occuiimg in the presence of Mn++ 
The amount of CO 2 foimed from a-ketoglutaiate and fiora isocitiate (plus 
citi ate) respectively may be deternuned by chemical analysis of the isocit- 
late, citrate, and a-ketoglutarate present at the begmmng and the end of 
the reaction Such deteimmations w^ere m agreement w'lth the amount of 
CO 2 evolved Since the a-ketoglutarate contains no C“, collections may 
be apphed for the dilution of the CO 2 from the isocitrate by inactive carbon 
' 10 m the a-ketoglutarate After the application of such corrections, the 
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COa fiom the isocitiate and citrate was found to contain 70 per cent of the 
activity of the bicarbonate of the medium This indicated that an 
extensive exchange had occiuied between the bicaibonate of the medium 
and the ^-caiboxyl caibon of isocitric acid 

DISCUSSION 

The exchange leaction demonstrated in these studies may be foimulated 
as follows 

TPNox. + COOH CHa CH CHOH COOH ]vin-H- 

I 

O^OOH 
Isocitnc acid 

COOH CHj CHj CO COOH + C^Oj + TPN,«i 
a-Ketoglutarate 

The leaction is analagous to the incorpoiation of isotopic carbon into the 
carboxyl groups of the dicaiboxyhc acids when pyruvate and fumarate are 
incubated with pigeon hvei in the piesence of isotopic bicaibonate (11) 
There are two diffeiences which must be borne in min d when companug 
the leactions, however First, the action of acomtase in catalyzing the 
intei conversion of isocitrate, citrate, and eis-acomtate does not cause a dis- 
tiibution of the label present in the j3-caiboxyl carbon mto the other caibon . 
atoms of the tncaiboxyhc acids Consecjuently, oc -ketoglutanc acid formed 
from the isocitrate, is not labeled The fixed CO 2 mcorpoi ated into the 
i3-caiboxyl caibon of isocitrate by this leaction will consequently not be 
distnbuted into the othei components of the tncaiboxyhc acid cycle, unless 
citrate and isocitrate aie metabohzed ovei some other route than that in- 
voliing a-ketoglutarate formation This is in contrast to the pyruvate 
malate-fumarate system in which the action of fumaiase results m the 
eqmhbration of the bicarbonate with all the carboxyl groups of the organi^J 
acids involved (pyruvate, lactate, fumaiate, and malate) (4, 11) Secon , 
there is httle, if any, oxidation-reduction between a-ketoglutaiate andisO" 
citrate m pigeon hvei extracts The fixation of CO2 occurs in the absence 
of any net reaction betii een the components of the system In the case 
the pyruvate-malate system in pigeon hvei , the fixation is accompanied U 
an oxidation-reduction between pyruvate and malate, resulting m a ne 
conversion of the malate to lactate and CO 2 This is due to the 
of a lactic dehydrogenase A corresponding enzymie capable of leduci o ^ 
a-ketoglutanc acid is absent It is consequently apparent that the om 
tion-reduction of the a-keto acid is not necessary for the fixation in rcac 1 
of this type 



CIIROMOGEXIC SUBSTRATES 

IV VC\ L LSTLRb OF p NITROPIIENOL AS SUBSTRATES FOR THE 
COLORLMEIRIC DETERMINATION OF ESTERASE* 

B\ CII VRLLS HUGGINS and JACK LAPIDES 
(from the Dcparlmcnl of Surgery, UniiersUy of Chicago, Chicago) 

(RcLCiVLil for publication, June 18, 1947) 

Uhc (letclojjniLnt of oolor fioni the decomposition of colorless esteis 
of p-niirophenol by enzyme action furnishes a delicate test of esterase 
ac(nit 3 I bj this means the esterase patterns of serum were mvestigated 
In tlie p 1 st the detection of esterase action has been cairied out by means 
of biologic, phjsicd, and clieniical methods In the biologic method (1) 
the frog heart Ins been used for estimatmg the concentiation of acetyl- 
choline left o\ er aftci hydrolysis, and the physical basis of assay has been 
the decrease of the \iscosity of tnbutyrin (2) as determined by the drop 
count technique Ihcse have presented obvious disadvantages, in the 
stalagmomctric method the deciease of chop number is much greater than 
the percentage hydrolysis bj’’ titiation (3) All of the chemical techniques 
lu\e been based on the estimation of acid pioduction by titration, measuie- 
mont of pll changes, or the manometiic estimation of the displacement 
of carbon dioxide from a bicarbonate buff ei, the most satisfactory, evidently, 
being the technique of Ammon (4) In general some of the difficulties 
have been that in the titiimetiic method pH changes in the system due to 
the liberation of acid affect enzymic activity and there has been the in- 
convenience of the Warbuig technique foi loutine use Also wuth slightly 
soluble esters such as the butyiates it has been difficult to obtain a stand- 
ardized emulsion, so that the repioducibility of the assay has been only 
about 10 per cent Abdon and Uvnas (5) attempted to estimate acetate 
production fiom acetylcholine colonmetrically by addmg ferric chloride 
to the mixtuie aftei long incubation, but among the difficulties in this 
method is the fact that coloi production by ferric ion is not specific foi 
acetate 

The method deseiibed in this paper utilizes a new principle in that the 
velocity of enzyme action is detei mined by estimating the amount of the 
hydroxyl group which is liberated Several esters of p-nitrophenol were 
prepared and weie found to be leadily hydiolyzed by esterases, liberating 
p-nitrophenol, vhich is leadily measured colonmetrically 

* This investigation was supported by grants from the Albert and Mary Lasker 
Foundation, Inc , the Sidney and Frances Brody Foundation, Mr Ben May, and the 
Comimttee for Research in Problems of Sev of the National Research Council 
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IV VC\ L LSTLRb OF p NITROPIIENOL AS SUBSTRATES FOR THE 
COLORLMEIRIC DETERMINATION OF ESTERASE* 

B\ CII VRLLS HUGGINS and JACK LAPIDES 
(from the Department of Surgery, Umiersily of Chicago, Chicago) 

(RcLCiVLtl for publication, June 18, 1947) 

Uhc (le\cloi)nunt of color fiom the decomposition of colorless esteis 
of p-niirophcnol by enzyme action furnishes a delicate test of esterase 
actiMti I bj tills means the esterase patterns of serum were mvestigated 
In the p 1 st the detection of esterase action has been cairied out by means 
of biologic, phjsicd, and chemical methods In the biologic method (1) 
the frog heart h is been used for estimatmg the concentiation of acetyl- 
choline left o\ er aftei hydrol 3 'sis, and the physical basis of assay has been 
the decrease of the \iscosity of tributyrm (2) as determined by the drop 
count technique Ihcse have presented obvious disadvantages, m the 
stalagmometnc method the deciease of chop number is much greater than 
the percentage hydrolysis bj’’ titiation (3) All of the chemical techniques 
lu\e been based on the estimation of acid pioduction by titration, measuie- 
nieiit of pll changes, or the manometiic estimation of the displacement 
of carbon dioxide from a bicarbonate buffer, the most satisfactory, evidently, 
being the technique of Ammon (4) In general some of the difficulties 
have been that in the titiimetiic method pH changes in the system due to 
the liberation of acid affect enzymic activity and there has been the in- 
convenience of the Warbuig technique foi routine use Also wuth slightly 
soluble esters such as the butyrates it has been difficult to obtain a stand- 
ardized emulsion, so that the reproducibility of the assay has been only 
about 10 per cent Abdon and Uraas (5) attempted to estimate acetate 
production from acetylcholine colonmetrically by addmg ferric chloride 
to the mixture after long incubation, but among the difficulties in this 
method is the fact that coloi production by ferric ion is not specific for 
acetate 

The method described m this paper utilizes a new principle m that the 
velocity of enzyme action is detei mined by estimating the amount of the 
hydroxyl group which is liberated Several esters of p-nitrophenol were 
prepared and w^eie found to be leadily hydrolyzed by esterases, liberating 
p-nitrophenol, which is readily measured colonmetrically 

* This investigation was supported by grants from the Albert and Mary Lasker 
Foundation, Inc , the Sidney and Prances Brody Foundation, Mr Ben May, and the 
Comimttee for Research in Problems of Sex of the National Research Council 
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Most wol leers are m agieement that there exist two types of esterases, 
the one hydrolyzing acetylcholine, chscoveied by Loewi and Navratil (0) 
and set in a special category as cholinesteiase by Stedman, Stedman, and 
Easson (7), the other esteiase is considerably less specific and has been 
studied by a great number of techniques in which the substrates most 
commonly used have been ethyl butyiate (8), methyl butyrate (9), mandelic 
esters (10), and tnbutyrm (2) The lattei esterase has leceived a number 
of designations, simply as esteiase (11), the “serum enzyme of human 
blood” (12), the S-type (13), pseudocholmesteiase (14), and unspecified 
esterase (15) , m this papei we shall follow the termmology of Richter and 
Croft (16) in lefeirmg to this second activity as aliesterase, “an esterase 
of the type that acts preferentially on the simple aliphatic esters and gly- 
cerides ” 

While cholinesterase has been extensively investigated, not much is 
known about the aliesteiases, largely because of technical difficulties m 
obtaining standardizable and soluble substrates, such disadvantages are 
absent from the present method, which accordingly peimits the systematic 
analysis of these enzymes 


Synthesis of Substrates 

The folloiving p-nitrophenyl esters were prepared the acetate (PNPA), 
propionate (PNPP), isoWtyrate, tiimethyl acetate, n-butyrate, isovalerate, 
and n-valerate The substrates were made accordmg to the method of 
Spasov (17) p-Nitiophenol, 13 9 gm (0 1 mole), is mixed with 30 gm of 
benzene and 1 2 gm of magnesium tmnings in a round bottom flask and 
0 12 mole of acyl chloi ide is added The mixture is refluxed for 1 hour on 
a steam bath and then cooled About 150 ml of ethyl ether are added and 
the mixture is tiansferied to a separatory funnel, where it is washed suc- 
cessively with water, aqueous satuiated sodium bicarbonate solution, and 
agam wuth w'ater, the aqueous washing solutions being discarded The 
benzene-ether mixture is dried with anhydrous sodium sulfate and the sol- 
vents evaporated at room temperature 

In general it was found difficult to separate all traces of accompanying 
free p-nitrophenol fiom the products (Table I), although enough w'as re- 
moved to make them serviceable as substrates The solid esters were 
partially purified by 3-fold recrystallization from about 150 ml of et y 
ether, in the case of p-nitrophenyl propionate the crude product was s 
solved in about 20 ml of ii-butanol at 45°, on cooling to loom temperature, 
crystallization took place , 

The liqmd esters were washed three times ivith about 50 ml of ’ 
which was removed foUoiving centrifugation Finally anhydrous so i 
sulfate was added to complete the dehydration 
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;)-\iln)i)hi nvl act Uc li is been picpaicd by Noelting, Gianclmougm, and 
Mu ill 1 (18), \se luM. bci'ii uniblt to hnd a iccoid of the synthesis of the 
otlicr esters dibtnhed in this pipei The chemical composition of the 
oistcrs w ith lespei t to p nil loplicnol ion tent and the melting points aie given 
m '1 ibli I \oiie of tiu iiiiiud estem ciystallized above 4° 

EXPERLMENT^L 

bubilratc Coiiuntidlion mid VclocUy of Enzyme Action — With a saturated 
iqueous solution of P^lPA uid PNPP, esteiase activity of human serum 
M is determined igiiiist i iiicd concentiations of substiate m thiee expeii- 


Tadlb I 

CharaclcnsLics of p-Ntlrophcnyl Esters 



M p 

Solubility 1 
la \Mtcr 
at 25 

Free p ni 
troplienol 1 
associated 

p Nitfophcnol yielded 
by ester 
on bydroI>sis* 

Remarks 


1 

ester 




A.cctato 

c 

7--7S 

im per 
100 int 

0 GO 

fim per 
JOO gm 

2 5 

gm per 
JOO gm 

76 8 

gm per 
JOO gin 

77 2 

Large ti uncated py- 

Propionate 

G2-G3 

Ml 

2 33 

1 

71 3 

72 4 

ramidal crystals 

Long white needles 

Isobutyrato 

25-27 


3 01 

71 0 

69 8 

Short “ 

Trimctbyl 

9-1-93 


0 

62 4 

63 0 

Hexagonal plates 

acetate 

n-Butyrato 

t 

MB 

2 89 

' 71 3 

68 0 

Brown oily liquid 

n Valerate 

t 


2 62 

66 3 

64 4 

14 tl {( 

Isovalerate 

t 


2 01 

66 6 

67 0 

a a i( 


* The weight of free p-mtrophenol was subtracted from the total weight of the 
compound before the calculations 
t Solubility at 23° 
t Liquid at room temperature 

ments From the plot of reaction velocity agamst substiate content 
(Fig 1) the Michaehs and Menten constants (19) weie determmed, foi 
PNPA this constant was found to be 4 15 X 10~^ m and foi PNPP 2 5 
X 10 -’m 

All of the substiates imdeiwent hydrolysis in m/15 phosphate buffei 
at pH 7 at 25° (Fig 2), and ivith sufficiently high substiate concentiation 
to keep the enzyme saturated, inconveniently large amounts of color i\eie 
produced non-enzymically In ordei to reduce the color blank it was 
decided to use much lower concentrations of substiate than are lequiied 
to saturate the enzyme and experimental conditions were therefore deter- 
mined under which a linear relationship resulted between enzyme concen- 
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ti Uion and /i-nitroplipiiol lilxn itcd It ua-, found that this relationship 
licld nidi dilution', of •^(inin up to 23-fold iiheri the substrate content was 
0 1)1)1) initroinole in i iin il \olunio of 10 ml , piovuled that not more than 
n iH'r cent (0 2S() muioniolo) of the -^uiistiate nas split Furthei, since 
the line pisM-d thiough tin zcio point (Fig 3), it is established that the 
\i“loLit% of lijdiohMs is piopoilion d to the enzyme actmty This lineai 
rtl Uioiisliii) w IS found to hi' tmc foi dl of the nitrophenol substrates 
described in this p ipei \ m iSlj''k.c (20) has outlined the conditions neces- 
Mrj for niei''Unng (‘iiz^me ictn ity at low substrate concentration One 
of these conditions is tint the substiatc concentration is a critical factoi 
in the inihsis ind c iie must be taken in daily woik. to prepaie the sub- 
-trite ‘-ohition udii itelj 



Fig 2 The rate of hydrolysis of the p-nitrophenyl esters, acetate, propionate, 
n butyrate, isobutyratc, n valerate, and jsovalerate, in 0 066 m phosphate buffer, 
pH 7 The sjstcni consisted of phosphate buffer, 2 ml , water 6 ml , and substrate 
2 ml , the final concentration of substrate was 0 666 micromole 

With a substrate concentiation of 0 666 micromole in 10 ml , the enzyme 
velocity IS not propoitional to time except with very dilute enzyme solu- 
tions, the curve becoming piogiessively depressed Accordingly the tests 
must be run for an identical time for compaiative results and in these 
experiments the standard time elected was 20 minutes 

Teinperalure Effects on Esteiase Action — The optimum temperature for 
activity of human serum esterase against PNPP (Fig 4) was 32°, at 25° 
the enzyme acts at about 87 per cent of the optimum Earlier, the tem- 
perature optimum for pancieatic esterase (ethyl butyrate) was found to be 
about 30° (8) We also deteimined the temperature coefficient, Qjo 
= (velocity at 7° -b 10)/(velocity at T°) Between 18-28°, Qio was 1 59 
Vahlquist (21) obseived for acetylcholine a Qxa of 1 42 and for methyl 
butyrate the 4o was 1 4, a Qio of 1 7 for human serum acting on acetyl- 
choline was obtained by the feme cldoride method (5) 




0 10 20 30 40 50 iO 70 80 90 100 

PER CENT ENZVME 


Fig 3 The effect of enzyme concentration on the rate of hydrolysis of p nitro 
phenyl propionate The system consisted of 2 ml of 0 066 m phosphate buffer, 7 ml 
of water, and 1 ml of various dilutions of human serum, incubation 20 minutes at 
25“ 



DEGREES C 

Fig 4 Esterase action of human serum on p-mtrophenyl propioiiate at varjing 

temperatures The system consisted of 2 ml of 0 066 ii phosphate buffer, 
water, 1 ml of 4 per cent human serum, and 1 ml of substrate (0 333 nucrom > 
incubated 20 minutes 
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L'^laatc and pll — teucb of buffeis was made with 0 05 u tiis(hycIroxy- 
meth\l)uninomctluno mik'it iud‘ and also 0 05 m sodium barbital- 
ii>diOLiiloru u 1(1 (22) bi'lwccu pl[ o 15 and 9 4 The experimental system 
coiibislcd of 1 ml of bulTei ind 1 ml of 1 pei cent seium, while m contiol 
tubes scrum \s is u pi iccd w ith walci At 1 minute mtervals 1 ml of sub- 
■'tritc w-is uldcd to both sets and, aftei piccisely 20 minutes, 7 ml of 
0 2 m phosph itc bufici it pll 7 wcie added to brmg to standard pH and 
the tubes were ic ul m i coloiimetei ^U1 pH estimations were determmed 
potcntioinetriL illv in i gl iss electrode and the final pH of these solutions 
\ Hied fiom G91 to 7 15, the fice p-nitiophenol content was lead from a 



Fig 5 The effect of pH on the rate of enzymic hydrolysis of the p-nitrophenyl 
esters, propionate, ii-butyrate, isovalerate, and n-valerate The system consisted 
of 2 ml of 0 1 N barbital-hydrochloric acid buffers at varying pH, 1 ml of 4 per cent 
human serum, 6 ml of water, and 2 ml of substrate, final concentration of all sub- 
strates 0 666 micromole in 10 ml , incubated at 25° for 20 minutes 

calibration curve made at pH 7 The curves of activity of serum against 
pH in all of our substiates (Tig 5) weie similar and optimum activity was 
found at pH 8 4 to 8 6 These findings agree ivith those of Ghck (23) 
who observed that the pH optimum for the splittmg of acetylcholme by 
human serum was 8 4 to 8 5 When the system is buffered at pH 7 as 
in the method adopted, the enzyme activity is about 7 per cent of its 
maximum, the mstability of the substrates at the optimum pH precluded 
the use in routine analyses of the optimum pH for the enzyme 

Organic Inhibitors of Esteiase— Ethyl alcohol depressed the esterase 
^ We are indebted to Professor George Gomori for furmshing this buffer 
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activity of human serum against PNPP more than methyl alcohol did 
(Fig 6) Methyl alcohol was employed in the method adopted as a sol 
vent foi the substrates but the amount (final concentration 0 02 per cent) 
used does not inteifeie inth enzyme action 

The effects of eserme, ethyl caibamate, and tetraethyl ammonium 
chloride on the hydrolysis of PNPP by human serum (Fig 7) vere deter 
mined Richter and Cioft (16) found that an eseiine concentration of 
10“® M caused almost complete inhibition of hydrolysis of acetylcholine, 
methyl butyrate, and tributyrin by human seium, mth horse serum, ac- 
tivity also was inhibited completely with respect to cholinesterase but 



PERCENT ALCOHOL 

Pig 6 The effect of ethyl alcohol and methyl alcohol on enzymic 
p nitrophenyl propionate The system consisted of 2 ml of substrate 1 y™ gnd 
mole), 2 ml of 0 066 ii phosphate buffer, pH 7, 1 ml of 4 per cent human 
varying amounts of alcohol and water to make a total amount of 10 n , me 
25“ for 20 minutes 

there vas merely slight inhibition of ahesterase, ve foimd that ese 
10“^ II concentration inhibited the esterase of human serum 
phenyl esters only slightly The amoimt of enzyme present is a 
eserme inhibition, in our experiments eserme 10 ^ M cause 
inhibition when 0 01 ml of rabbit seium was used and no i i 
0 1 ml of the same Also when esei me was in contact wi jjjjibitioB 
for 30 minutes pi lor to the test, an average of 7 per cent S*'®*'* ^ 

occurred than v.hen there vas no earlier association ° , inhibit'''^ 

bitor, long contact of substiate and eserme did not a ec 
effect of eserme 
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>^alt Ujficls on Ilumin uid i vbbit seia \\eie dialyzed against 

wvtti it 1° loi 5 dii-^ iiul tilt cstci ISC ictivitj on acetylcholine and 
PN I’l' w is dctciiniiitd in the inesentc of tontentiationsof sodium chloiide 
iiul pot isMum tliloiidc bitucin 10-* ind 2 m In the assay of chohnes- 
tiriM* the gi'-oinetru met hod of Ammon (1) and the technique of Mendel 
iiid Muiidtll (21) wtit used, except that the experiments were lun for 20 
miiuiti s liter tipping uctih holme biomide fiom the side aim of the War- 
burg \essel into the m iin tompiitment 



Tig 7 The effect of ethyl carbamate, tetraethyl ammonium chloride, and physos- 
ligmine salicylate (eserine) on the rate of hydrolysis of p nitrophenyl propionate 
by human serum The system consisted of 2 ml of substrate (0 666 micromole), 
2]ml of 0 066 m phosphate buffer, pH 7, 1 ml of 4 per cent human serum, 4 ml of water, 
and 1 ml of various concentrations of inhibitors to give the final concentration in 
dicated on the abscissa, incubated 20 minutes at 25° 

The action of equimolar solutions of sodium and potassium chlorides on 
PNPP was identical (Fig 8), producing at fiist a slight acceleration with 
salt concentration of 10-* to lO"** ai, followed by a profound depression 
With respect to the splitting of acetylcholme by serum, 0 125 ai sodium 
chloiide caused 27 to 72 pei cent acceleration and in 1 ai concentration either 
no 01 very slight inhibition 

These findings confiim the observation of Glick (25) who shoiaed that 
sodium and potassium chlorides caused activation of esterase of dialyzed 
rabbit serum on acetylcholine as contrasted with horse serum Hom ever, 
Glick observed that theie was increased acceleration with increasing salt 
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concentiation as far as 3 ai, wheieas A\e found that above 1 ai salt content 
inhibition set m 

On the Type of Esietase — ^The activities of ten human sera were in fan 
agieement when PXPP and acetylcholine iiere used as substrates Theism 
nas a lack of close con elation betneen the splitting of PNPP with eithei 
methyl butyrate oi tiibutyrm 

In the serum of the labbit extiemely high actmty was found against the 
p-nitroplienyl esteis and lery low activity agamst acetylcholme, in 20 



Fig 8 The effect of various concentrations of salt on the hydrolysis of acetj 
choline and p-mtrophenyl propionate by dialyzed human serum The activity is 
stated with reference to the salt-free serum, which is assigned a value of 100 per cen 
Curve A shows the effect of sodium chloride on the activity of human serum m sp i 
ting acetylcholme Curves B show the inhibition of serum esterase by sodium c o 
ride and potassium chloride The molarity gi\ en on the abscissa is the final concen 
tration of salt Incubated 30 minutes at 25" 

mmutes m Experiment 1 these values for PXPP and PNPA respectnely 
were 316 and 17 4 micromoles per 1 ml , while only 5 micromoles of acctt 
choline were hydrolyzed 

A concentrated extract of the electiic organ- of Eleclrophorus 
was tested agamst acetylcholme and PNPP, the extract was dilute f 

before the assay of cholmesterase It was found that the extrac sp 

- We are mdebted to Professor David Nachmansohn of Columbia Umvcrs > 
the gdt of this material 
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ici tjlchohnt it the i itc of 600,000 miciomoles and PXPP 1 nnciomole 
I)er 1 ml , c leh m 20 minutes 

1 Ihe puH^iKO of ihestti itc in hum in led blood cells was demonstiated 
uiH' of the depth of coloi of hemoglobin, it was necessaiy to use a 
strong light souice, and m this technique a 12 volt batteij^ \ras used in 
tlie photoekctiic coloiimetti 1 ml of washed, packed red blood cells 
w is hcmohzed m 99 ml of watei 1 ml of the laked blood was added 
to the bulToied substrite ind, with the tube m place, the galvanometei 
w lb idjubted to 100 The experimental tube w'as then leplaced by a tube 
cont lining 0 5 micromole of 71 -nitiophenol in 10 ml of alkali and a reading 
obt lined, aftei the incubation peiiod of the expeiimental tube was com- 
pleted, the tube was lead with the galvanometei adjusted to this setting 
Ihe ictiiity of the icd blood cells against PNPP in three experiments 
amounted to 33 to 38 per cent of the serum at the same dilution, an ap- 
piecnble content of alicstcrasc activity, in confirmation of Richter and 
Croft (16) 


Method 

Reagents — 

it/15 phosphate buffer, pH 7 0 
0 1 if sodium hydi oxide 

p-N itrophenol standards Piepaie solutions containing 10 to 70 imcio- 
liholes per liter of p-mtrophenol, mol ivt 139 1 

Substrate — Depending on the substrate requned, the following esteis 
of p-nitrophenol are dissolved in 10 ml of methyl alcohol respectively as 
stock solutions PNPA about 63 mg , PNPP about 65 mg , isobutyrate 
aljout 71 mg , trimethyl acetate about 79 mg Foi the esters n-butyrate, 
isovalerate, 01 Ji-valeiate, 0 5 ml is dissolved m 100 ml of methyl alcohol 
These solutions may be stored in a refrigeiatoi foi 3 or 4 days, of the stock 
methyl alcohol solutions 1 ml of PNPA, PNPP, 01 isobutyrate, 01 0 67 
ml of n-butyiate, 0 71 ml of isovalerate, 01 1 0 ml of n-valerate is diluted 
to 100 ml wath water In diluting the stock methanol solutions in watei, 
the tip of the pipette containing the substiate is submeiged in the water and 
the volumetric flask is whiiled, otherwise pi ecipitaiion will occui These 
directions give approximately correct substrate values which aie slightly 
stronger than required A slight precipitation usually takes place ivith the 
7 i-valeryl and trimethyl acetyl esters, which is removed by filtration 
Technique — In ordei to determme the substiate concentration conven- 
iently, standard cuives lelatmg optical density to concentration of p~ 
nitiophenol are constructed both for solutions containing 1 ml of the 
nitrophenol standards and (a) 9 ml of m/15 phosphate, pH 7, and (6) 

9 ml of 0 1 N sodium hydroxide The colorimetei leadmgs are made 
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immediately The gahanometei leadings of coloi mtensity are plotted 
on the logaritlimic scale against the content of p-nitrophenol in raicrogianis 
pel 10 ml on the aiithmetic scale of semilog papei 

Just befoie the enzyme assay is pei formed, the substiate concentiatioi 
IS adjusted accuiately to 0 333 miciomole per ml , coloiimetei readings 
are made on solutions of 1 ml of the appio\imately correct substrate solu- 
tion pipetted into 9 ml of phosphate buffer, iihich gives the amount of free 
p-nitiophenol m the compound, and also on 1 ml of substrate added to 
9 ml of sodium hydi oxide In 0 1 n sodium hydi oxide the substiate 
hydrolyzes practically instantaneously A simple calculation then peimits 
the substrate solution to be made up precisely 

(Micromoles total p nitrophenol) — (micromoles free p-nitrophenol) X 98 _ ^ 

0 333 

A — 98 = ml ot watei to be added to give a concentration of 0 333 micio- 
, mole per 1 ml of dilute substrate The figure 98 represents the oiiginal 
100 ml volume of dilute substiate minus 2 ml removed foi the tests 
An Evelyn photoelectiic colorimeter -with a 400 mp. filtei and inth 
matched coloiimetei tubes was used throughout In running the test 
1 ml of the liquid to be assayed is nuxed mth 2 ml of iu/15 phosplute 
buffer and 5 ml of water and allowed to come to temper ature in a \iater 
bath at 25° At precise time intervals, usually 1 minute, 2 ml of the ac- 
curately adjusted substrate is added, the tube is placed in the coloiimetei. 
and the galvanometer is set at 100, the galvanometer reading when the 
tube is removed is noted, the “an blank ” At 20 minutes the galvanometer 
IS again set at this reading, the tube is inserted, and the final reading ob 
tamed From the standard curve of p-nitrophenol in phosphate buffer 
the amount of p-nitiophenol m micromoles is lead and this "value minus the 
blank control foi non-enzymic hydrolysis is multiplied by the dilution 
factor 

In the assay of human and rat serum 1 ml is diluted to 25 ml with water, 
for rabbit seium 1 ml is diluted to 100 ml 

1 unit of aliesteiase activity is defined as that amount of enzyme libera 
mg 1 micromole of p-nitrophenol m 20 minutes at 25° and pH 7 m phos 
phate buffer when the substrate is at a concentration of 0 666 micromoe 
per 10 ml , provided that not more than 40 per cent of the substiate is 
hydiolyzed The units are expiessed pei 1 ml of the undiluted flui o'" 

1 gm of tissue 

Results } 

Human Sera — 167 seia were assayed m duplicate The range 
1 5 to 10 5 units pel 1 ml of undiluted senim , the average error o « 
cates in this senes was ±1 3 pei cent , 

Rates and Paiteins of Esleiase Action — In nine cases each ot n 
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hum ui vml rit ^cium, the estei.ise activity was tested simultaneously both 
It pll 7 and S 5 agvinst equimoleculai solutions of the follomng esters of 
p-nitiophcnol acetate, propionate, isobutyrate, tnmethyl acetate, n- 
butyrate, iso\ rleiate, and /i-vileiate Wlien the rates of splitting of the 
esters nere expiessed in peicentage of that ester split at the fastest rate, 
consistency of results (Table II) was obsened in different sera of each spe- 
cies In all c ises the esters were split according to a common pattern ivith 
respect to the acyl ladicals, in which acetate, propionate, and isobutyrate 
maintained a fixed lelationship to each other, while n-butyrate, isovaleiate, 
and ;i-valerate could also be grouped together Components of each group 
were h^’^drolyzed in a fairlj close latio to their congeners, establishing a 
pattern The relitive late of splitting of the two groups was affected 
consideiably by pH and by species differences but the patterns in the 
groups under all circumstances were preserved 

DISCUSSION 

-\3ide from advantages of simplicity and accuracy, the chromogenic 
substiates possess the advantage of great sensitivity in the assay of este- 
rase Vahlquist (21) w as unable to demonstrate esteiase in human cerebio- 
spinal fluid, with our method in foui instances 0 25 to 0 35 unit per 1 ml 
was obsetved 

Our findings obtained with an extract of the electric organ of the eel and 
the seiy'"’ of rabbits are in agreement with the opinion of most workers 
"Uftt are at least two types of esterases, cholinesterase and aliesterase 
In rabbit serum a high aliesterase activity was associated with low cholines- 
terase action, while in the extract of the eel electric organ a very high con- 
tent of chohnesteiase was accompanied by msignificantly low splittmg 
of PNPP The p-nitrophenol substrates are preferentially split by ali- 
esterase 

The enzymic hydrolysis of esters of the lower fatty acids has long at- 
tracted attention Kastle ^9) showed that varying the alkyl group com- 
bined with a lower fatty acid exerted no influence on liver “lipase,” but 
that varying the acid combined with a given alcohol caused great variations 
in the stability of these esters tow'ards the enzyme , he observed that liver 
extracts hydrolyzed, in descendmg order, methyl esters of butyric, propi- 
onic, and acetic acids Loevenhart (26) stated that pig liver extracts 
hydrolyzed ethyl propionate more rapidly than ethyl butyrate, whereas 
with, pancreatic extracts the reverse was true, these differences were not 
confirmed by Balls and Matlack (27), but, like I&stle (9), they observed 
that a change in the alcohol component of the ester did not mateiially 
affect the rate of hydrolysis except where the configuration of the carbon 
atom bearmg the hydroxyl group is concerned, the splittmg of esters of 
secondary and tertiary alcohols occurs only slowdy Dakm (10) found 
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Tvble II 


Achiity of Strum in Hydrolyzing p-Xilrophenyl EsUro 
Values expressed as per cent of ester split maMmallj 


Dctcnmnalioa 

No 


Acetate 

Propionate 

^obut)- 

rate 

Tnmcthj 1 
acetate 

n Butyrate 

Isoralerate 


n Valerate 


Human serum, pH 7 


1 

S4 3 

100 

94 7 


4S 7 


5S 4 

2 

S9 4 

100 

9S 0 


59 4 

2S S 

66 2 

3 

S4 2 

100 

95 2 


42 5 

22 9 

S3 6 

4 

S4 0 

100 

92 0 

0 

55 3 


S5 b 

5 

So 0 

100 



55 0 

29 4 


ti 

SO 2 

100 



52 3 



7 

SI 0 

100 



55 4 



S 

91 0 

100 



53 2 



9 

S6 0 

100 



56 2 

g| 


Average 



94 9 




73 3 


Human serum, pH S 5 


1 

2 

3 

73 5 

SS 0 

7S 2 

S2 2 

100 

93 

S4 2 

99 0 

90 4 

wm 

^^9 

74 0 

75 4 

76 0 

50 S 

3S 1 

47 7 


Average 

79 9 

91 S 

91 2 

15 1 

76 1 

45 5 

El 


Rat serum, pH 7 


1 

30 0 

62 S 

37 S 

35 7 

100 

6S 0 

97 0 

2 

27 3 1 

5S 7 

35 7 

31 S 

100 

bl 6 

100 

f> 

o 

50 4 

SS 0 


33 7 

100 

52 5 

9S 5 

4 

46 3 

77 S 



100 

55 5 


5 

35 2 ' 

62 9 



100 

53 4 


6 

39 4 

71 5 



lOO 

75 2 


7 

41 1 

76 0 



100 

70 0 


S 

3S 3 ' 

74 5 



100 

67 5 


9 

33 3 

62 0 


1 

1 

1 

100 

bS 0 


Av erage 

37 9±7 01 

1 

70 5il0 5 

36 7 

33 7 

100 

63 5±7 S| 

' 9S5 



Rat serum, pH S 5 



. 

1 

20 3 ] 

25 

1 12 S5 

14 3 

64 

37 1 

100 

2 

17 S 

27 5 

1 16 0 

12 3 

73 4 

41 

iW 

Av erage 

19 05 1 

2b 25 

14 42 

13 3 

bS 7 

39 05 

100 


tint an extract of hog luer preterentialh split the dextrorotatory 
ponent from racemic esters ot mandelic acid, this problem o op 
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prefeience of estciase ictivity (28) has been systematically studied and 
difterences found with respect to oigans and species 
Stedmin, Steelman, and White (11) found that serum of various animals 
IS ible to hydrolyze butyiylcholme appio\imately twace as rapidly as 
acotjlchohne Ghck (29) using hoise senim found that the enzymic 
hjdrolj’bis occurred in choline esteis m the following ratios n-butyryl 
510, isobutjiyl 210, piopionyl 325, acetyl 225 The experiments of 
Xachmansohn and Rothenberg (30) were confirmatoiy, they found that 
human scrum split cholme esteis m the following descendmg Older buty- 
rylcholine, piopionjlcholine, and acetylcholine 

IWth the p-nitiophenyl esteis studied in the piesent papei, the patterns 
of enzymic hydrolysis weie highlj’^ dependent on species and pH effects 
Esters of p-mtrophenol were sjmthesized wath two purposes, fiist to replace 
hydrogen on thea-carbon of the acyl chain wath methyl groups and secondly 
to lengthen the chain Six esters could be dnaded according to enzyme 
action into two groups (a) the shoitei acyl chains, acetate, propionate, 
and isobutiarate, (b) the longer acyl groups, n-butyrate, isovalerate, and 
n-valerate The groups were attacked at different rates by human and 
rat blood, although the patterns in the groups w'ere preserved 
In human blood at pH 7 the shorter acyl esteis are split faster than the 
longer chains, propionate being split fastest At pH 8 5, there is a relative 
decrease in hydrolysis of the shoiter cham esters and the longer chain 
units are preferentially split 

In rat serum, at both pH 7 and 8 5, the shorter acyl esteis are split less 
rapidly than the longer groupmgs, at pH 8 5, hydrolysis of the shorter 
acyl esters is further depressed with reference to the activity at pH 7 
At pH 7 maximal splittmg occurred wath n-butyryl and n-valeryl esters, 
while at pH 8 5 n-valerate was split Avith greatest velocity In all cases 
mth both rat and human serum the pattern of enzymic hydrolysis dif- 
fers greatly fiom hydroxyl ion hydrolysis (Fig 2) 

The replacement of the hydrogen atoms on the a-carbon of the acetyl 
group by methyl groups requires special comment In the p-mtrophenyl 
acetate esters, substitution of one methyl group (propionate) and two 
methyl groups (isobutyrate) enhances the rate of splittmg compared with 
PNPA, while three methyl groups (trimethjd acetate) greatly decrease 
the rate of enzymic attack by serum Human serum hydrolyzed the 
trimethyl acetate ester practically not at all at pH 7, while definite splittmg 
occurred at pH 8 5 , rat serum, on the contrary, split this ester better at 
pH 7 than at pH 8 5 


SUMMARY 

1 The following esters of p-nitrophenol were synthesized propionate, 
isobutyiate, trimethyl acetate, n-but3rrate, isovalerate, and 7i-vak ^ 
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2 Conditions were established by which the content of esterase i\as 
related to the amount of p-nitrophenol liberated in a pioportional relation- 
ship permittmg the use of these substrates as assa}^ methods 

3 These substrates are preferentially split by the common ahesterase 
of serum in contrast to cholmesterase The enzymic hydrolysis is greatly 
depressed by appropriate amounts of eseiine, ethyl carbamate, tetraethyl 
ammonium chloride, sodium chloride, and potassium chloride 

4 TVith reference to the sera of man and rat, there is an optimum length 
of the acyl cham for enzymic hydrolysis which differs in the two species, 
and the esters are split preferentially m patterns The effect of pH on 
preferential splittmg of the acyl esters is consideiable 
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THE bTILIZATION OF LEUCINE DERIVATIVES BY A 
MUTVNT STRAIN OF ESCHERICHIA COLD 

SOFIA SLMMONDS, E L TATUM. a\d JOSEPH S FRUTON 

{From the Departments of Botany and Microbiology and of 
Physiological Chemistry, Yale University, New Haven) 

(Received for publication, June 27, 1947) 

The ability of suitable strains of Escherichia coh to use certain peptides 
and other dern atives of phenjdalanine and tyrosine as growth factors in 
place of the free ammo acids has been reported recently from these labora- 
tories (1) In the present communication, there are described the results 
of a study of the growth-promoting action of derivatives of leueme for a 
leucineless mutant stram 

The leucineless strain is a double mutant of strain K-12 of Escherichia 
coh and differs from the latter by its requirement for exogenous sources of 
threonine and leucine (2) The threonine requnement of the double 
mutant was induced by the irradiation of strain K-12 ivith x-rays (3) 
A second treatment of the resultant threonineless mutant (strain 679) 
with vrays produced the double mutant (stram 679-680) requirmg leucine 
as w'ell as threonine (2) The experiments reported here are concerned 
only ivith the leucine requirement, and, m all the tests, the culture media 
contained ample DL-threonme (0 5 mg per 10 ml ) to meet the requne- 
ment for that compound In the follow mg discussion, therefore, stram 
679-680 wall be considered as a leucineless stram 

Testing Methods — ^The methods used to study the ability of the mutant 
to use leucine and its derivatives were similar to those described pre- 
viously (1) Tests were carried out with 10 ml of leueme-free mmimal 
medium (3), to which threonine and the test compound were added prior 
to sterilization by autoclavmg After moculation with a drop of an 
aqueous suspension of cells, the cultures were meubated at 30° for 24 
hours For test compounds which proved to be active, a complete growth 
curve with graded amounts of compoimd was obtamed, and the molar 
concentration of the compound producing half maximal growth was 
estimated from this curve The amount of growth was determined by 
density measurements in the Evelyn photoelectiic colorimeter with a 
No 540 filter The relative activity of a test substance as compared to 
leueme was calculated from the curves for the test and reference com- 
pounds obtamed on the same day 

* These studies were aided by grants from the Williams-Waterman Fund of the 
Research Corporation and from the Rockefeller Foundation 
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Compounds -ttluch did not replace leucme as a groiUh factor for th( 
mutant ere tested for possible sparing action on the leucine requirement 
For these tests, the minimal medium was made up wuth sufficient leucine 
to permit appiONimatelj' half maNimal growi;h of the oiganism, and the 
growdh obtained on addition of the test compound wms measured as usual 


TvbiaE I 


Effect of Leucine Derivatives on Growth of Leucineless Mutant Strain 


Compound 

■Ictivity as growth factor 

Sparing actioo oq 
leucme requirement 

■ 

Quantity, per 
10 ml lor half 
roasimal growth 

Maximal 
quantity per 1C 
ml , U5ed in test 

1 

Maxunil 
quanUty 
per 10 ml i 
used ID 
test 



mu X J0‘ 

fflV X 10* 


mjrXlU* 

n-Leucine* 

+ 

2 2 




D-Leucme* 

— 


75 

— 

75 

DL-Leucinef 


4 4 




n-Leucylglycinet 

~h 

2 S 




D Leucylgljcinet 

~h 

128 (Co ) 




N-Methyl-DL-leucylglycine (4)§ 

— 


50 

— 

lOO 

L-Leuc>lglycj Iglycmef 

+ 

2 4 




n-Leucj Iglycj IglycineJ 

+ 

86 (Co ) 




L-Leucyl-L-t j rosinet 

+ 

3 2 


1 


L-Leucmamide acetate (5) 

+ 

30 




D-Leucinainide acetate (5) 

— 


53 

- 

158 

Glycyl-L-leucinet 

+ 

2 5 




Giycyl-D-leucme (6) 

— 


106 

- 

103 

Glycylglycyl-L-leucylglycine (7) 

+ 

3 7 




Tnglycyl-i/ leucylglycme (7) 

+ 

6 9 




Carbobenzo\>gIycyl-L-leucine (8) 

+ 

1100 (Co ) 




Acetyl-L-leucine (9) 



173 

+ 


Acetyl-DL-leucinanude (10) 

— 


58 

- 

2t)2 

Acetyldehydroleucine (11 ) 

_ 


60 

— 

■■ 

Acetyldehydroleucinamide (11) 

— 


58 

— 


Acetyldehydroleucylglycine (11) 

— 


44 


sM 


* Kindl> supplied by Dr W H Stem The purity of these samples was eatab 


lished by the method of !Moore and Stem (12) 
t Merck preparation 
t Hoffmann-La Roche preparation 

§ The figures in parentheses are bibliographic reference numbers 


It should be borne m nnnd that compounds w'hich proved to be ^ 

by the testmg methods employed m these studies may actually be capa > 
under different experimental conditions, of replacing leucme as a ^ow 
factor or of sparmg the leucme requirement of the leucineless mutan 
Leucine Requirement — ^Under the conditions employed m this s u y? 
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concentration of L-leucine lequired to produce half maximal growth of 
strain G79-CS0 was 0 029 mg , or 2 2 X 10“^ mM, per 10 ml of medium 
(Table I) Similarly, the concentration of DL-leucme for half maximal 
growth w IS 14 X 10~‘ niM n-Leucine w as inactive as a growth factor 
in concentrations up to 75 X 10“* mji per 10 ml of medium and, m these 
concentrations, had neithei a sparing action nor an mhibitory effect on 
the growth obtained m the presence of 2 X 10~* mii of the l form dl- 
Isoleucine, in concentrations up to 23 X lO”* mM per 10 ml , was neither 
active in place of leucine noi inhibitory to growth m the presence of leueme 
Utilization of Leucine Peptides — ^As shown m Table I, all of the peptides 
of L-leucine which were tested served as growth factors for the mutant 
L-Leucylglycine, L-leucylglj'cylglycme, and glycyl-L-leucine were approx- 
imately as active as L-leucine The activity of diglycyl-L-leucylglycme 
and triglycyl-L-leucylglycine was somewhat less than that of the di- and 
tnpeptides, but even the pentapeptide had about one-third the activity 
of L-leucine n-Leucmamide, however, was relatively mactive 
The suggestion w'as made previously (1) that peptides of an ammo acid 
w hich IS required for growth by a mutant strain of Escherichia coh must be 
hydiolyzed by the bacterial enzymes before the essential ammo acid 
becomes available as a growth factor The fact that none of the leueme 
peptides mentioned above was more active than leueme itself is consistent 
with this view The relative activity of the leueme derivatives m pro- 
motmg the growth of the leucineless strain is similar to that of corre- 
spondmg derivatives of ph'enylalanme and of tyrosine for the phenylalamne- 
less and tyrosineless strains (1) Thus, the dipeptides of the essential 
a mm o acid and glycine were approximately as active as the essential 
ammo acid itself, w'hile the ammo acid amide was considerably less active, 
and the carbobenzoxyglycyl derivative showed only a slight activity 
These differences m the rate of utilization of the leueme derivatives may 
be taken to indicate comparable differences m the rate of cleavage of these 
compounds by the bacterial peptidases 
Although the dipeptides of glycme and n-leucme were, on a molar basis, 
as active as L-leucme with respect to the amounts required to produce 
half maximal growth, these dipeptides were markedly inhibitory at high 
concentrations As can be seen m Fig 1, n-leucme was not inhibitory m 
concentrations up to 1 mg (76 X 10“* imu) per 10 ml of medium Only 
slight inhibition was noted for n-leucylglycylglycme, diglycyl-n-leucyl- 
glycme, and triglycyl-n-leucylglycine at concentrations of 30 to 50 X 10^* 
mM, but very strikmg inhibition was observed for similar concentrations of 
glycyl-n-leucme and n-leucylglycme On the other hand, n-leucyl-n- 
tyrosme did not show significant inhibition m concentrations up to 102 
X 10^ mM 
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microbiological assay of the resultant medium mdicated the presence of 
ir-leucme, or of a substance \nth L-leucme activity, m an amount equivalent 
to about 12 per cent of the startmg mateiial Restmg cells of the vnld 
type stram did not brmg about this conversion The presence of some 
unchanged acetyl-L-leucme m the medium m Tvluch K-12 cells were grown 
was also demonstiated by sparmg action tests with the leucineless mutant 

The ability of both the wild tjqie stram and the mutant to convert 
acetylleucme to leucme, oi a leucme-like compound, is m accord with the 
view that the metabolism of the parent stram and that of a mutant arising 
from it are identical, except for the metabolic leaction governed by the 
gene which has undergone mutation (13) In the present case, it is ap- 
paient that the mutation lesponsible for the leucme requirement is not 
connected with the metabolism of acetylleucme by Eschenchta colt 

The conversion of acet 3 d-L-leucme to the coirespondmg amide appears 
to suppress the sparmg action As has been noted above, the conversion 
of an ammo acid to its amide was found to reduce markedly its growth- 
promotmg action In the case of aeetyl-n-leucme, such a conversion 
decreased more tlian 100-fold the sparmg action characteristic of the par- 
ent compound 

The response of the leucineless mutant to acetylleucme is qmte distinct 
from that of the phenylalamneless and tyiosineless mutants For these 
lattei mutants, acetylphenylalamne and acetyltyrosme neither filled not_ 
spared the ammo acid requuement (1) It is of mterest m this connection 
that the origmal K-12 strain was found to be mcapable of hydrolyzing 
acetyltyrosme (14) 

Effect of Denvaiives of Dehydroleucine — In order to examme further the 
possible metabolic r61e of dehydroammo acids (c/ (1, 14)), several de- 
rivatives of a, /3-dehydroleucme w^ere assaj^ed as potential growdh factors 
for the leucineless mutant Acetyldehydroleucme, acetyldehydroleucin- 
amide, and acetyldehj^droleucylglycme were mactive m the growth tests, 
nor did they exert a sparing action on the leucme requirement of the 
mutant (Table I) In the case of acetyldehydroleucme, at least, a sparing 
action should have been demonstrable if the mutant was able to reduce 
the a, /3-double bond to jueld acetyl-L-leucme Experiments m which t e 
disappearance of the a, /3-double bond m denvatives of dehydroammo 
acids was followed spectrophotometricaUy had mdicated that growmg 
cultures of Escherichia coh stram K-12 did not readily metabolize 
dehydroleucme (14) The mactivuty of that compound m the tests wi 
the leucineless mutant stram, therefore, is not unexpected 

SUinLXRY 

The utilization of denvatives of leucme has been studied with 
mduced mutant stram of Escherichia coh which requires for grow 
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[cucineless mutant D-Ieucj IgU tine, D-leucylglj’'cj Iglycine, D-leucinanude 
atetdte, and glycyl-n-leucme (Table I) Only the first two compounds 
e\lubited any growth-promotmg actmty, which corresponded to 2 to 3 
*“per tent of that of the L isomci’s The activity of n-leucylglycme and 
D-leutylglycylglycme, both of which are commercial preparations, may 
well be due to traces of the l isomer^ present m the samples 

(j tilization of Acclijl-h-leucine — Althougli acetyl-L-leucme did not replace 
L-leutine as a growth factor foi the leucineless mutant, it did exert a spanng 
action on the leucine requirement The addition of mcreasmg amounts 
of atctylleucme to a culture medium coutammg 2 X 10“* imi of L-leucme 
per 10 ml ga^e significanth more growth than was expected from the 
quantity of L-leucme used This stimulation of growth is not due to 



Fig 2 The spanng action of acetjl l leucine on the leucine requirement of the 
leucineless mutant of Escherichia coli O L-leucme, A l leucine plus acetyl-L- 
leucme 

traces of L-leucme admixed wath the acetyl compound, smce no growth- 
promotmg action could be detected m the absence of L-leucme with con- 
centrations of acetyl-L-leucme as high as 173 X 10“* nm The presence 
of even 0 3 per cent of L-leucme m such a sample of acetyl-L-Ieucme would 
have been suflScient to produce detectable giowdh 

As shown in Fig 2, the degree to which the requirement for L-leucme 
could be spared by acetyl-L-leucine was dependent upon the amount of 
L-leucme present m the medium The conversion of the acetyl dern-ati\e 
to leucme, or to some compound wath leucme activity, apparently is the 
result of a metabolic process associated wath growth In agreement wath 
this view is the fact that growang cells of the wald tjqie stram (K-12) were 
found to be capable of convertmg acetylleucme to a compoimd which is a 
growdh factor for the leucineless mutant When K-12 was grown for 24 
hours at 30° m 10 ml of medium containing 2 mg of acetjd-L-leucme, a 
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microbiological assay of the resultant medium mdicated the presence of 
ir-leucme, or of a substance \nth L-leucme activity, m an amount equivalent 
to about 12 per cent of the startmg material Restmg cells of the vnld 
type stram did not brmg about this conversion The presence of some 
unchanged acetyl-L-leucine m the medium m -which K-12 cells -were grown 
was also demonstiated by sparmg action tests with the leucmeless mutant 

The ability of both the -wild tjqie stram and the mutant to convert 
acetylleucme to leucme, oi a leucme-like compound, is m accord -with the 
view that the metabolism of the parent stram and that of a mutant arising 
from it are identical, except for the metabolic reaction governed by the 
gene which has undergone mutation (13) In the present case, it is ap- 
parent that the mutation responsible for the leucme requirement is not 
connected with the metabolism of acetylleucme by Escherichia colt 

The conversion of acet 3 d-L-leucine to the coirespondmg amide appears 
to suppress the sparmg action As has been noted above, the conversion 
of an ammo acid to its amide was found to reduce markedly its growth- 
promotmg action In the case of acetyl-L-leucme, such a conversion 
decreased more tlian 100-fold the sparmg action characteristic of the par- 
ent compound 

The response of the leucmeless mutant to acetylleucme is qmte distinct 
from that of the phenylalanineless and tywsmeless mutants For these 
lattei mutants, acetylphenylalamne and acetyltyrosme neither filled noT_ 
spared the ammo acid requuement (1) It is of mterest m this connection 
that the origmal K-12 strain was found to be mcapable of hydrolyzing 
acetyltyrosme (14.) 

Effect of Derivatives of Dehydroleucine — In order to examme further the 
possible metabolic r61e of dehydroammo acids (cf (1, 14)), several de- 
rivatives of a, ^-dehydroleucme were assaj’^ed as potential growdh factors 
for the leucmeless mutant Acetyldehydroleucme, acetyldehydroleucin- 
amide, and acetyldehj^droleucylglycme -were mactive m the growth tests, 
nor did they exert a sparing action on the leucme requirement of the 
mutant (Table I) In the case of acetyldehydroleucme, at least, a sparing 
action should hav^e been demonstrable if the mutant was able to reduce 
the a, /3-double bond to jield acetyl-L-leucme Experiments m which t c 
disappearance of the a, /3-double bond m denvatives of dehydroammo 
acids was followed spectrophotometrically had mdicated that growmg 
cultures of Escherichia coh stram K-12 did not readily metabolize 
dehydroleucme (14) The inactivnty of that compound m the tests wi 
the leucmeless mutant stram, therefore, is not unexpected 

SUinLXRY 

The utilization of denvatives of leucme has been studied with an 
mduced mutant stram of Escherichia coh which requires for grow 
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o\ogcnous source of L-leucine All of the leucine peptides which were 
tested were found to serve as giowth factors for the leucineless mutant 
Acetyllcucine, however, ^\as not an active giowth factor, although it did 
-spare the requirement of the mutant for L-leucine Derivatives of de- 
hjdroleucine were neither active giowth factors noi did they spare the 
leucine requirement 
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V C'llEMK'VL METHOD FOR THE DETERMINATION OF 
S'lREP'IOMYC’IN IN BLOOD AND SPINAL FLUID* 

lU GEORGE E BOXER wd \I0L4. C JELINEK 
(trovi the Research Laboratories of Merck and Company, Inc , Rahway, New Jersey) 

(Received for publication, June 27, 1947) 

The clinical ipplication of streptomycin, as for any other potent drug, 
requires reliable information on blood levels of the drug Microbiological 
assays w ill give estimates subject to wide variations unless a sufficient num- 
ber are performed to permit statistical evaluation The need for a rea- 
sonably simple and reproducible chemical assay for streptomycm m blood 
IS apparent 

We have previously described chemical methods for the assay of strep- 
tomycm in chmeal preparations, nutrient broth, and urme ( 1 ), which were 
based on the formation of maltol from streptomycin by treatment with 
alkali These methods have satisfactory specificity and reproducibility, 
but the lower limit of sensitmty w'as 30 7 of streptomycm Since the 
concentration of streptomycm in the blood which is of chnical interest 
IS in the order of magnitude of 1 to 30 7 per ml , a more sensitive method is 
necessary 

The early work on the structure of streptomycin mdicated the presence 
of a reactive carbonyl group (2) and of guanido groups (3) On acid hy- 
drolysis (4) streptomycin is cleaved into streptidine, contaming the strongly 
basic guanido groups, and streptobiosamine, which contains the carbonyl 
group The determination of streptomycm described m this paper is 
based on the presence of the reactive carbonyl group together wath the 
strongly basic groups on 1 molecule Since the presence of these two 
functional groups in the same molecule is quite rare in biological materials, 
the method is highly specific 

In general, a substituted hydrazine can be used as a carbonyl reagent 
for the assay of streptomycm if the following conditions are fulfilled 
The streptomycin hydrazone must be measurable by direct or mdnect 
color formation, fluorescence, or ultraviolet absorption The excess rea- 
gent together with the hydiazones of acidic, neutral, and weakly basic 
compounds must be separable from the strongly basic streptomycm hy- 
drazone Of particular importance in blood assays is the separation from 
the hydrazones of reducing sugars, amino sugars, keto acids, and from the 
possible cleavage products of streptomycin such as N-methyl-L-glucosamine 
(5) and streptobiosamine The reagent should also be reasonably stable 

* This paper was presented at the meeting of the Federation of American Societies 
for Experimental Biology, Chicago, May, 1947 [Federation Proc , 6, 241 (1947)) 
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For example, 2,4-dimtrophenylhydrazme fulfilled these requirements, 
formmg a hydrazone of streptomycm m acid solution at room temperature 
The excess reagent and other hydrazones were separated by two extrac- 
tions with butyl acetate from the acid solution, and the 2,4-dmitrophenyb 
hydrazone of streptomycm was measured coloiimetrically in alkalme 
solution The lower hmit of sensitivity ivith this leagent was 50 7 of 
streptomycm, insufficient for determmation m blood 

In order to measure the mmute quantities of streptomycin m blood, 
it was expected that a fluorescent hydrazme might pronde a reagent of 
the necessary sensitivity Of a limited number of hydiazmes of aci|idmes, 
qiunolmes, and anthraqumones prepared and tested, 9-hydrazinoacridme 
hydiochloiide was found to have all of the required properties, particularly 
the necessary sensitivity to measure 1 7 of streptomycm 


EXPERIMENTAL 


Preparation of 9-Hydrazinoacrtdine Hydrochloride (6) — 15 gm of 9 
chloroacridme, readily obtained from N-phenylanthramlic acid (7), were 
dissolved by heatmg in 400 ml of 95 per cent ethanol contaming 30 ml 
of 85 per cent hydrazme hydrate After refluxing for 6 hours, the hot 
rmxture was poured into 400 ml of 6 n hydrochloric acid with vigorous 
stirrmg and external coohng 200 gm of cracked ice were added and the 
mixture was refrigerated overnight The crude product was washed three 
times with 1 n hydrochloric acid, five times wuth a mnxtme of ethanol and 
concentrated hydrochloric acid (10 1), three times with chloroform, and 
three times with ether saturated with concentrated hydrochloric acid 
The crude material was recrystallized, half the weight of charcoal and 75 
volumes of 50 per cent ethanol being used The crystals were w'ashed 
■with 50 per cent ethanol, then with the ethanol-hydrochloric acid mixture 
until the washmgs remamed straw-yellow, and finally -with ether saturated 
■with concentiated hydrochloric acid 

Fm'thei reciystallizations, one or two were sufficient, were carried out- 
with 90 to 100 volumes of 50 per cent ethanol contaming 1 ml of concen- 
trated hydrochloric acid per 100 ml After each recrystallization, the 
product was w'ashed with the ethanol-hydrochloric acid mixture until the 
washmgs were straw-yellow The final product of fine, yellow -green 
needles weighed 7 5 to 8 0 gm , 45 to 50 per cent of theory 


CnHnN.Cl Calculated 
Found 


C 63 54, H 4 92, N 17 10, Cl 14 43 
“ 63 71, “ 4 73, “ 17 00, “ 14 61 


Determination of Streptomycin in Aqueous Solution 
Reagents — 

3 N hydrochlonc acid 
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Benzyl ilcohol-caibon tetiachloiide mixture (10 1) 

9-IIjdi izmo iciidine hydi oclilonde solution contammg 5 mg of 9- 
hydi izmoiciidmc hydiOLhlondc pei 1 ml of a mLxture of equal parts of 
uatei, mctlnnol, md butanol The leagent uas stable for 1 week in the 
rcfiigci itoi 

Procedure — To 14 ml of a solution contammg from 0 05 to 1 5 y of 
streptomycm per ml , was added 1 ml of 3 N hydrochloric acid followed by 
3 ml of the 9-hydrazmoacridme reagent The reaction mixture was 
placed in an o\ en at 37° ± 1° for an overnight period of 16 hours 

.\itei hydrazone foimation, the excess hydrazine reagent and other hy- 
drazones which are acidic, neutial, or less basic than the hydrazone of 
stieptomycin uere separated from the basic acridylhydrazone of strepto- 
mjem by thiee extractions with the benzyl alcohol nuxture Carbon 
tetrachloride was added to the benzyl alcohol to mcrease the specific 
gravity and thus facilitate phase separation The first extraction was wnth 
20 ml of benzyl alcohol mixture togethei with 2 ml of concentrated hy- 
drochloiic acid The benzyl alcohol and the concentrated hydrochloric 
acid must be added sepaiately and not combmed as a reagent The second 
extraction was with 20 ml of benzyl alcohol mixture alone, and m the third 
extraction 2 ml of concentrated hydiochloric acid were used with the 20 
ml of benzyl alcohol m order to maintam a high acid concentration Each 
extraction consisted of vigorous shakmg for 15 seconds Only one set of 
separatory funnels w'as necessaiy, smee the benzyl alcohol is the heavier, 
lower phase and w'as discaided after each extraction 

A few precautions were necessary for the successful separation by the 
extraction procedure The number of samples extracted at one time should 
be limited to four, and the extractions should be completed as rapidly as 
possible m dim light to minimize the usual deleterious effect of light on 
fiuorescence measmements A shaded hood was used for the extinctions, 
but the employment of red, low actmic Coming glassware may be preferred 
The excess 9-hydrazmoacridine hydrochloride was removed quantitatively 
only if care was taken to wash traces from the stopper and mouth of the 
sepal atory funnel by rinsing with the stream of benzyl alcohol as it was 
added for the second and third extractions Cello-Seal, containing only a 
small amount of fluorescent material, was the lubricant used for the 
stop-cocks 

EoUowung the third extraction, the watei phase (15 5 to 16 ml ) con- 
taimng the hydrazone of streptomycm hydrochloride was centrifuged, and 
approximately 15 ml weie pipetted into a 10 X 40 mm cuvette In the 
Pfaltz and Bauer fiuorophotometer used for measurmg the mtensity of 
the fluorescence, a Commg glass filter. No 5113, 2 mm thick, was placed 
in the path of the incident bean, and a Coming filter No 3385, 1 50 mm 
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m thickness, was placed between the sample and the photocell Tlie 
fluoiophotometer was arbitiaiily adjusted to a constant light intensity 
ot 100 on the galvanometei scale with a standaid fluoiescent glass block 
used m the assay of nboflann’- (8) The block setting was checked befoie 
and after the reading of each unknown solution to pre\ ent possible errors 
due to variation m lamp cm lent 

Calibration — ^According to definition, 1 unit of streptomj cm is equal to 
i 7 of streptomycm free base A sample of crystallme stieptomycin 
tiihjdrochloride-calcium chloiide double salt (9) was the standaid used 
in the cahbiation Two micro samples were weighed, one for the solution 
to be used for the calibration, the othei foi a moistuie determmation in 
Older to correct foi the watei in the sample (1) The procedure described 
was used with amounts of streptomycin vaijnng iiom 1 to 20 7, and the 
fluorescence was strictly proportional to the streptomycm concentration 
o\ ei the entire lange The calibration shoidd be lepeated w henever a neii 
batch of 9-hydrazmoaci idine hydrochloride is obtained In our e\'perience 
the same calibration cuive was obtamed with each new preparation 

Determination of Streptomycin in Blood 

The procedure just described was applicable to the determmation of 
streptomycm m aqueous solution and m spmal fluid However, when this 
method was applied to blood or plasma, the preparation of a protem-free 
filtiate was necessary prior to reaction wath the hydrazme 

The deprotemizmg agent must fulfil two requirements it must not 
form a precipitate wath the 9-hydrazmoacndine hydrochloride, and there 
should be mmimiim adsorption of streptomycm on the protem precipitate 
The usual acid depiotemizmg agents precipitate the 9-hydrazmoacridme 
unless removed prior to hjdrazone formation For example, trichloro- 
acetic acid was suitable only if the excess trichloroacetic acid was removed 
from the filtrate by one extraction wath benzyl alcohol 

For plasma and serum the deproteimzation method of Somogyi (1 ) 
wath a 1 20 dilution was found to be the simplest and did not interfere 
wath the hydrazone formation 1 ml of plasma containmg 1 to 30 7 0 
streptomycm was diluted inth 17 ml of water, and 1 ml of 10 per cen 
zinc sulfate was added, followed by 1 ml of 0 5 n NaOH 

If the concentration of stieptomycin m 1 ml of plasma was 1 to '!’> 
a 14 ml aliquot of the filtrate was used A highei concentration than 7 
of stieptomycin per ml of plasma necessitated a correspondmgly snia 
aliquot contammg not more tlian 20 7 of streptomycin This appropna 
aliquot, if it was not 14 ml , was diluted to a xolume of 14 ml ^ ’ 

and the streptomycin was determined as preMOUsly described 

1 Pfaltz and Bauer, Inc , Xew York, catalogue 609 
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Bj the UbC of the 14 ml -iliquot of the blood filti vte, seven-tenths of the 
tot d imount of sticptom>cin in 1 ml of plasma was measuied, which was 
t iken into iccoimt m using the calibiation cuive 
Some idborption of stieptomycm on the protein piecipitate occuried, 
howc\cr, the amount idsoibed was small, since a 1 20 dilution was used 
111 the deprotemization pioceduic The ieco\ei3 of 0 7 to 21 0 7 of strep- 
tomjtm added to 1 ml of noimal human plasma is leported in Table I 
Ihe ^^elage icco\ei3 was 92 ± 4 pei cent Theiefoie, to correct foi 
idsoiption, the value obtained fiom the calibiation cune was divided 
In 0 92 


T\ble I 


Rccoiery of Streptomycin Added to Human Serum 


StreptQm> cm 

Per cent recovered 

Added 

Found 

7 per ml 

7 per ml 


0 7 

0 7 

100 0 

1 4 

1 2 

85 0 

2 1 

2 0 

93 4 

2 8 

2 7 

96 5 

3 5 

3 1 

90 0 

7 0 

6 6 

94 0 

10 5 

9 4 

89 3 

14 0 

12 9 

92 2 

17 5 

16 5 

94 5 

21 0 

IS 8 

89 5 


DISCUSSION 

The optimal conditions for hydrazone formation w ere studied The reac- 
tion occurred only m acid solution, but the acid concentration was not 
crucial, maximal values bemg obtamed m concentrations varymg from 0 1 
to 0 5 N A concentration of hydrochloric acid near the low er limit w as 
chosen m order to minim ise possible cleavage of the streptomycm molecule 

The leaction tempeiature of 37° for an overnight peiiod of 16 hours was 
adopted after a study of the rate of hydiazone formation at vaiious tem- 
peratures 

Fiom Fig 1 it IS apparent that the initial late of hydrazone formation 

S pid at 100° However, cleaiage of the streptomycin prior to hydra- 
iimation and the destruction of the streptomycin hydiazone prevent 
al values Neieitheless, if a leiy rapid assay should be required, 
reaction at 100° foi 25 minutes might be consideied if half the sensitivity 
IS sufficient At 50° hj’^drazone foimation predominated, and the de- 
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struction of the streptomycin hydrazone occurred slowly, but maximal 
values vere reached at 7 to 8 houis, a technically inconvenient time At 
room temperatuie the rate was too slow to be practical Hydiazone foinia- 
tion was complete at 37° after 14 hours, and the hydiazone vas stable foi 
at least 48 hours 

The exiraciion vith the benzyl alcohol mixtme removed the excess rea- 
gent quantitatix ely, smce the reagent blank was rvithm 1 or 2 deflections 
of the insti-ument blank vith water The blank value for 1 ml of normal 
plasma or seiaim of various species (man, dog, cat, rat, and gumea pig) 
vas nearly constant, and on our mstniment vas 7 ± 1 deflections, a value 
withm 2 to 3 deflections of the mstrument blank This average blank 
reading for normal plasma may be assumed with negligible error for sub- 
traction from the total galvanometer reading when the concentration of 



Fig 1 Rate of formation of the acridylbydrazone of streptomycin 


streptomycm is greater than 5 y per ml of plasma However, when maxi- 
mal accuracy is necessary'-, particularly with samples contammg low concen- 
trations of streptomycm, a blood sample piioi to streptomycm admiiii= 
tration should be obtained and used for an accurate plasma blank 
The addition of concentrated hydrochloric acid m the first and thir 
extractions was found to be necessary to insure a satisfactory plasma ol'in 
and to obtam optimal fluorescence The benzyl alcohol and the concen 
trated hydrochloric acid should not be combmed as a single reagent, since 
m our experience such a mixture formed measmable quantities of water 
soluble fluorescent materials on prolonged standing 

The specificity of the method was stuched with a series of carbonj 
pounds which might interfere Readings comparable to the reagent 
x\ere obtamed wnth 1 mg ciuantities of glucose, fructose, ^ 
Acetone, acetaldehyde, ethyl acetoacetate, and pyruvic acid ‘ . 

mterfere m sunilar amounts Salicylaldehyde, benzaldehyde, an 
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in HU intitiLb of 1 mg imincdi itelj formed ni'^oluble hydrazones, but they 
\uro remo\cd on oxtriction ind the aqueous pliase gave the usual blank 
re ulmg 'Ihe Indrizoncs of the weaUy basic cleavage products of strep- 
tomvem, stroptobio'^iinme, uid N-mcth> 1-L-glucos imine vvcie extracted 
qu intit itivelv Irom (he aqueous ph isc Obv louslj , anj substance which 
1" iiiiierLiitl}’ fluorescent uid which is not extracted bj benzyl alcohol would 
interlere, but such i miternl was not encountered m normal blood or 
■■1)11) il fluid 

Tht ri.pr(xlncibih(y w is demonstr ited in a series of twenty-six deter- 
min itions on quintilics of the standard sample varjang from 0 7 to 17 5 


Tvbll II 

Comparison of Chemical tctlh Microbiological Assay in Human Scrum 


Chcni ca! 
a> 

1 

1 Micro* 1 
biolosicil 1 

1 

Microbio* 

per cent q( 
chemical 
aiM> 

1 

1 Chcmicil 

1 nay 

! 

1 M 
biolostcal 

Microbio 
lexica! 
per cent of 
chemical 
assa> 

Chemical 

a35a> 

Micro 

biological 

as3ay 

Microbio- 
logical 
per cent of 
chemical 
a5sa> 

1 itt pj 

33 1 

7 ptr tnl 

2S 0 

81 

7 p<r ml 

15 0 

y }<t ml 

17 9 

113 

7 per ml 

6 5 

7 per ml 

6 5 

100 

3.3 2 

38 2 

115 

13 2 

15 5 

117 

6 5 

5 3 

82 

32 1 

10 0 

125 

11 8 

12 5 

106 

6 2 

6 3 

102 

31 0 

36 3 

115 

11 5 

8 6 

75 

6 1 

6 4 

105 

0 

36 3 

130 

11 3 

11 9 

105 

5 9 

8 2 

139 

27 0 

31 8 1 

118 

10 4 

10 9 ! 

105 

5 8 

4 5 

78 

25 3 

30 0 1 

118 

9 3 

8 8 1 

95 

5 4 

6 2 

115 

21 5 

22 2 

91 

8 3 

8 7 

105 

5 3 

5 5 

104 

22 i 

2i 3 

112 

8 3 

7 S 

34 

4 a 

5 2 

113 

22 0 

22 1 

102 

8 3 

8 5 

102 

4 6 

4 7 

102 

20 8 

23 1 

111 

7 7 

7 9 

103 

4 5 

4 4 

98 

20 0 

23 1 

117 

7 4 

6 6 

89 

4 5 

4 5 

100 

17 8 

17 5 

98 

7 3 

5 1 

70 

4 0 

4 3 

107 

17 2 

19 7 

114 

7 0 

7 3 

104 

4 0 

4 2 

105 

16 7 

19 1 

116 

6 9 

6 7 

97 

2 5 

2 6 

104 


7 of streptomycm The standard devaation for the entire range was ±6 0 
per cent, for quantities of streptomycm from 3 5 to 17 5 7, the deviation 
was ±4 per cent, and for quantities at the lower limit, 0 7 to 2 8 7, the 
deviation was ±10 per cent 

A companson of the chemical vnlh ihe microbiological assay on forty-five 
samples of human serum is reported in Table II 

Over the entire range of streptomycin concentration, the microbiological 
value was found to be 105 ± 14 per cent, if the chemical assay was arbi- 
trarily taken as 100 per cent 

The fluorometric and the colorimetric assay, based on maltol formation. 
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'igreed foi &tieptomjtin samples of any potency mthm the stated limits 
of error From this obser\ation, and the piopeities described by Fiicd 
md Titub (11), streptomycm B appeals to behave in this test as doer 
btreptomycin It impuie pieparations containing mixtures of the tiic 
streptomj’cins aie assayed, consistent agieement wth the miciobiologit 
assaj tan only be expected if a test organism is chosen for the microbiolog- 
ical assay which has identical sensitivity towards streptomycins A and B 
The dislribuiion of the drug between plasma and eiythrccj-tes was deter- 
mined Microbiological assays have indicated that only small amounts 

T\ble III 

Distribution of Streptomycin between Plasma and Erythrocytes of Dogs after 
Intramuscular Injection 


Streptom>cin m 


Hematocrit 

Whole blood 

Plasma 

Erythrocytes 

(calculated) 

j Eo tbocy t« as 

1 per cent of plasma 
value 

f<r eeni 

7 fir 

mi 

7 fCI 

mi 

7 

mi 



47 0 

23 

5 

42 

0 

-fl 

9 

-f4 

5 

52 0 

17 

3 

32 

2 

+3 

5 

-j-lO 

8 

51 0 

17 

0 

32 

8 

+1 

8 

+5 

4 

48 5 

14 

7 

28 

0 

+0 

6 

+2 

2 

46 5 

14 

2 

25 

8 

-4-0 

9 

+3 

3 

44 0 

13 

0 

24 

0 

-1 

1 

_4 

8 

42 0 

11 

0 

19 

0 

0 

0 

0 

0 

38 0 

8 

0 

14 

0 

-0 

5 

-3 

8 

49 5 

7 

8 

14 

9 

+0 

5 

+3 

4 

41 0 

6 

5 

11 

0 

0 

0 

0 

0 

44 0 

5 

0 

9 

0 

-0 

1 

-1 

0 

49 5 

3 

6 

8 

1 

-1 

0 

-12 

5 

49 5 

2 

5 

4 

8 

-fO 

2 

+3 

4 

tv erage 

Deviation 



of streptomjcm, if an>, entered the erythrocyte (12) The hematocrit 
\ alue and the concentration of streptomj cm m the whole blood and plasma 
were determmed after mjection of normal dogs with the drug 
From Table III it is apparent that no significant amounts of 
tomjcin were found b\ the chemical method m the erythrocyte 
undei ordinary' ciicumstances, the streptomycin concentration was nica=- 
ured in the plasma or serum rather than in the whole blood 
This method has been applied to the studj of problems which 
the accurate determination of the blood ley els of streptom 3 -cin The r- ^ 
of decrease of streptomj cm m the blood of man and dog followmg m 
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mutnilir injection of vinoub amountb of the drug will be reported m a 
scpiritc paj^r 

Dctcriiunntwn of Slreploniycin in Spinnl Fluid 

1 111 * lliioroinot ric incfhod Ills been U'^d foi (lie iissay of strcptonij'cin 
in -pin il Hind lsndl\ dtiiioUMniz.i(ion w is not ncccsbuy, bince the 
S.U 110 \ ducb were oht lined on my gi\en bpin.d fluid with oi without de- 
proloiniz.it ion llowexcr, in eortaiii p ithologie.il bpceimeiib of high piotein 
content, deproteiniz.it ion of 1 ml of bpinil fluid wuth zine hydroxide as 
dc'-cribed for pi isni i might be ncitbb.iry Generally 1 ml of spinal fluid 
w lb diluted to 1 1 ml ind the procedure for the detcnmnation of strepto- 
mjtin 111 uiucoub •'olution w is followed 


Table IV 


Comparison of Chemical with Microbiological Assag in Unman Spinal Fluids 


CbcsucAl a£uy 

Mictobfo]ogical auay 

Aiiciobiological assay, per cent of 
cnejnical assay 

y fir al 

y ptr kU 


20 0 

13 3 

66 

19 1 

16 1 

84 

17 8 

15 6 

88 

10 3 

15 6 

06 

15 5 

10 8 

70 

14 7 

12 1 

82 

14 6 

14 1 

97 

13 4 

13 4 

100 

9 4 

7 7 

82 

7 8 

7 5 

96 

5 8 

4 8 

83 

1 5 

3 3 

1 

73 


When streptomycin w'as added to 1 ml of normal human spinal fluid, 
the recovery w’as found to be 100 d= 3 per cent The blank with 1 ml of 
normal spinal fluid w'as the same as foi plasma, and was ivithm 2 to 3 de- 
flections of the instrument blank 

Comparison of the chemical with the mici obiological assay on twelve 
samples of spinal fluid obtained from patients undei stieptomycm therapy 
IS reported in Table IV 

The microbiological value was found to be 85 ± 11 per cent, if the 
chemical assay was arbitrarily taken as 100 per cent Agreement of the 
chemical with the mici obiological values could not be expected m all cases, 
since there is a considerably larger variation m the mici obiological assay 
of streptomycin in spinal fluid than m plasma 
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Further Applications 

The extension of this procedure to the assay of streptomycm m urme and 
tissues IS under investigation 

The principle used in this method for the determination of streptomycu 
IS, of course, applicable to any reactive carbonyl compound which has an 
additional functional gioup or characteristic property which permits 
quantitative separation from the excess reagent For example, the 9 - 
hy drazmoacridme hydrochloride can be used for the determmation of ex- 
tremely small amounts of pyruvic acid oi keto acids m general, if adi antagc 
is taken of the acidic group for the separation 

SUMMARY 

A fluorometric method for the detennmation of stieptomycin in blood 
and spinal fluid is described The loner limit of sensitivity is 1 7 of strep- 
tomycin 

The basis of the method is the formation of a hydrazone of streptomycm 
with the fluorescent 9 -hydra zinoacndine hydio chloride The excess rea- 
gent, together with the hydrazones of acidic, neutial, and weakly basic 
compounds, is separated from the strongly basic streptomycm hydrazone 
by extraction from acid solution with benzyl alcohol The reproducibility 
of the method is ±6 per cent The values obtained with this fluorometric 
method agree with the microbiological assay and the chemical assay based 
on the formation of maltol from streptomycin 


We wish to express our thanks to Miss Rebeckah DuBois of the De- 
partment of J^Iedicme, Cornell Umversity Medical College and the J^eii 
York Hospital, for the microbiological assays on human serum and spinal 
flmd 
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TDENTIFICU'ION OF S^ULL AMOUNTS OF ORGANIC 
COMPOUNDS BY DISTRIBUTION STUDIES 

\ H ‘SLl’VRVUON V\D PSTIMATION OF NORMAL FATTY ACIDS 
Ih 'iOblllO SVrO, GU\ T BVRRY,* vnd LYMAN C CRAIG 
(Irom the I abnralona of 7'ht. Rod i feller Iiislilulc for Medical Research, New York) 
(Rllli\c( 1 for public ition, Marcli 2i>, 1917) 

'Ihc estimation and identification of small amounts of the lower fatty 
acids h ivc al\\a3's been a troublesome problem, particularly to the fermen- 
tation chenust and to the orgamc chemist carrying out degradative studies 
in \\ Inch these acids are formed as fragments of a larger molecule Several 
vajs of approaching the problem are at hand, depending on whether or 
not unequivocal identification is rcqmred Perhaps the best known 
preliminary approaches have been through the use of the Duclaux con- 
stants (1) and the partition method of Workman and coworkers (2) The 
partition method is smtable for identifying other orgamc acids (3) as well 
but rcqmres some supplementary procedure for demonstrating homo- 
geneity 

More recently the possibihties m the use of partition chromatography 
for the identification and estimation of the lower fatty acids have been 
in\estigated (4, 5) The procedure permitted quantitative resolution 
under carefully standardized conditions and with a suitable sihca gel 
How ever, the position of the band for a given acid was not constant but 
\aried ivith the imtial amounts of acids used This observation would 
suggest either interfering adsorption effects by the sihca gel or a non- 
linear partition isotherm 

Bj’- way of comparison it was of interest, in connection with the general 
study under way in this laboratory, to learn whether the techmque of 
“counter-current distribution” (6) could be satisfactorily apphed to the 
quahtative and quantitative estimations of the lower fatty acids This 
would be only a prehminary step in the extension of the study to the 
higher fatty acids It was hoped that a system could be found which 
would not show a large shift of partition coefficient with change of con- 
centration Our studies have shown this latter to be possible and have 
also mdicated that at least the lower members of the normal fatty acids 
can be separated readily by the procedure 

The resolution obtamable in twenty-four transfers is plainly shown by 
the representative distribution given m Fig 1 This was made with a 
mixture of 57 1 mg of acetic acid (b p 118-119°, 760 mm , m p 15 5- 

* Fellow of the National Institute of Health, Washington, D C 

601 
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1G°, neutralization equivalent 60 5), 510 mg of propionic acid (bp 
139-140°, neutralization equivalent 73 3), 55 mg of normal butyric acid 
(bp 162-163°, neutialization equivalent 89), and 50 0 mg of n-valeric 
acid (b p 184-185°, neutralization equivalent 103) Tbe system used was 
isopropyl ether-2 2 m phosphate buffer at a pH of 5 17 (21°) The buffer 
contamed 1 94 moles of KH2PO4 and 0 26 mole of ISTaoEPOi per liter 
At the completion of the distiibutmg part of the operation it was neces- 
saiy to devise some simple method for estimating quantitatively the 
total acid present in both phases of each tube This was accomplished by 
making use of the quantitative aspects of sunple successive extraction in 
such a manner that the complete extraction of the ater-soluble acid 



Fig 1 Twenty-four triinafer distribution of a mixture of acetic, propionic, buf> 
ric, and vaJenc acids X, Curve 1, O, Curve 2, • indicates calculated curves for 
separate bands. Curve 3, icotic acid. Curve 4, propionic acid, Curve 5, but>nc aciu, 
Cur% e 0, valeric acid '* 


from the aqueous phase was not required in order to calculate the total 
amount present per tube In plottmg a curve, how ever, it is not necessan 
to plot the total amount in each tube, since some amount proportional to 
the total wall be just as satisfactorj’- This proportional amount can e 
lepresented by a single extraction or the sum of two or more extractio^, 
as shown in Fig 1 Two or more successive extractions permit calc a 
tion of the partition coefficient or proportionality factor by extraction 


equation (2) t, , acidi- 

The following procedure was employed Each of the tubes waa 

fied with 1 cc of 8 it phosphoric acid, and after eqmlibration and 
ugation the upper layers were removed An ahquot (1 cc ) of '' 
titrated against standard 0 0103 it NaOH The amount of alkali require 
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lor c\th tube )b bho\sn Curve 1 Appreciable amouiibs of phosphozic 
icicl wore found not to be cxtrictcd by the cthci Identical volumes of 
fresh iboprop^l ether were tlien added to each of the lower layers and a 
sz'cond exlriction m ulc \ 1 ct aliquot of each was again titrated The 
sum of (hib and (he prc\ioub titritioii tlicn gave the values shown by 
Cunc 2 'Ihc'^e d ita were then sulliuent for locating the position of 
each bind, c\en though complete extraction from the lower layezs had 
not xet been vchiexed 

From Curxc 2 the partition coefficients of 0 09, 0 50, 2 2*1, and 10 can be 
Obtim itcd (7) md theoretic il cun'cs fitted to each, .is shown by Cunes 3 
to b for icctic, propionic, butyiic, and valeric acids respectively In this 
If lb ibbumcd that the miximiim tubcb of the centr.il bands are homog- 
encoiib and that 0 and 1 of the firbt band .and 23 mid 21 of the last band 
ire homogeneous .Vs can be seen from Fig 1, the sum of these four 
rur\Cb approxim lies \ery closely Curve 2 The theoiefcical curves may 
tlierefore be used for the quantitative deductions to follow However, 
the data thus far are suiricieut for idcntihcation .ind lough estimation 

'though it can be predicted from the theory of counter-current distri- 
bution that certain of the tubes are essentially pure, since a nearly Jineai 
isotherm is indicated from the shape of the curves, it appeared of con- 
siderable interest to demonstrate this fact experimentally Accordingly, 
the butyric acid remaining in 'rubes 15, IG, mid 17 was combined, trans- 
ferred to a volume of 8 cc of isopropyl ethei, mid subjected to a twenty- 
four transfer distribution in exactly the same way and in the same sj^stem 
used for the original mixture The result of this e'xperimeDt is showm in 
Fig 2 A theoretical curve fitted to the experimentally denved curve is 
also shown The symmetry of this curve is at once evident and it wall 
be noted that the maximum agiees very well with the maximum of the 
butyric acid band of the first distribution That the acid m Tubes 15, 
IG, and 17 of Fig 1 was of high purity is now unquestionable This 
experiment further indicated that the deviation from a hnear isotherm is 
small for butyric acid at the concentration range used 

The quantitative aspects of the distribution may now be developed 
The leakage at the ground surface of the distnbution apparatus is only a 
matter of a few drops with a well seated machine Even if it should be a 
cc or more, the loss may be neglected in view of the total volume of 400 
cc in both phases Experimentally, any loss tends to be distnbuted 
evenly among all the tubes A loss approximating 1 to 2 per cent, how - 
ever, did occur m removing the solutions fiom the machme The solu- 
tions were individually removed by means of a hypodermic s 3 Trmge wath a 
long needle and, m order to shorten the process, rinsing of each tube w as 
neglected For a critical experiment reqmnng greatei precision, the 
tubes could be rinsed 
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In calculation of the percentage of each acid in the onginal mixture, the 
first step IS that of finding the total amount of acid m a given tube which 
IS shown by the curves to be of high purity This is the sum of that 
determmed from the two successive extractions plus the fraction remammg 
unextracted, and may be calculated by formulae (1) and (2) Formula 
(1) permits the partition coefficient for the solvent and the acidified buffer 
to be calculated, where Wi is the amount from the first extraction and W> 
IS the amount from the second extraction Wi and TFn may be expressed 


( 1 ) 


ir, Kr 
IF, Kr + 1 


in terms of the volumes of the standard alkali reqmred K is the partition 
coefficient rTis the ratio of the volumes of the upper and lower phases 



Fia 2 Hedistnbutioa of the acid m Tubes 15, 16, and 17 of Fig 1 O, experi- 
mental, • , calculated 


used m the extraction This formula gives a sufficiently accurate estimate 
of K for the purpose when the substance has a hneai partition isothem 
and when Wi/Wi is not greater than approximately 0 7 When IFs/ i 
13 greater than 0 7, either the volume of the extract must be mcrease or 
a solvent used which has a more favorable paitition coefficient 

From the extraction formula the fraction, X, of acid extracted on e 
first extraction is given by formula (2) By apphcation of this orm a 


( 2 ) 


X = 


Kr 

Kr+1 



to the data obtained with Tube 22 of Fig 1 the value of 0 912 is 
for X The total amount of valeric acid m Tube 22 (Fig 1) ^ 
represented by I 59 X 1 00/0 912 X 8 = 13 96 cc of 0 0103 « NaOH When 
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1 eorrectinn i*, mule lor the smill dmouut of butyuo atid showa to be 
prc-i'iit in this lube bj Cur\c 5, the rcbult of 13 00 ct ib obtained This 
is the cqui\ dent of 13 (ij nig of \aleuc acid 

In the liinoinid expulsion i given term is dways a fixed fraction of 
llic total '1 lie fr u tion of the tot d valeric acid in Tube 22 can be calcu- 
lated (7) as i term of the expulsion to be 0 281 Ihe total valeiic acid 
represented bj Cune b is thcrefoie 13 05 X 1 00/0 281 = 48 7 mg 
C dcul ition of the tot d acid represented bj’- Curve 5 in the same way 
g i\ e oO S mg 01 butj ric icid and for Curve 1, 50 3 mg of propionic acid 
V sufiicient fr iction of icetic acid was not extracted by the two successive 
extractions to give the calcul itions m this c ise the desned accuracy The 
imount of acid in 1 ube 2 w is accordingly derived by two further succes- 
sive extractions with 10 cc volumes of diethyl ether This permitted 
51 mg of the acid to be demonstrated m the first band under Curve 3 
'1 his value w is checked by complete extraction of Tube 2 
For routine work the number of extractions and titrations made in 
obtaining sufficient data for intcrpietation could be very much reduced 
It would not be necessary to extract or titrate every tube but only enough 
to show definitely the position of the peaks Greater precision could be 
derived by extracting with IG cc volumes instead of 8 
In order to evaluate the ciuantitativc aspects of this distnbution the 
homogcneitj'' of the acid preparations used initially should be estabhshed 
This IS especially so in view of the fact that the method of counter-current 
distribution has had wide application for homogeneity studies in the 
war time synthetic antimalarial program and more recently in the prepara- 
tion of pemcilhn It has frequently shown the presence of considerable 
amounts of impuritj’’ when other methods have failed 
Of the four acids used in this study it appeared that the n-valeric acid 
might be most open to question A twenty-four transfer distribution 
was accordingly made on 48 mg of this acid in exactly the same way as 
for the imxture of acids The result obtained is shown in Fig 3 and is 
again in agreement with the theory The acid recovery calculated as 
above was 97 per cent It wms thought in the beginning that the most 
probable impurity might be isovaleric acid Isovaleric acid in the same 
system was found to have a partition coefficient of 5.5, as compared to 
that of 7 7 for valeric acid Appreciable amounts of the former would be 
indent as a deviation from the theoretical at Tubes 16 to 18 
Isobutyric acid (b p 153-154°, neutralization equivalent 90), on the other 
land, proved to have a partition coefficient very similar to that of butyric 
icid and could not be satisfactonly separated in the system used It 
vould thus not be recogmzed if it were present as an impunty It is 
nteresting to note that Elsden (5) also was not able to separate isobut 3 Tic 
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acid from normal butyric acid by partition chromatography on sihca gel 
It was considered probable that the acetic and propiomc acids used were 



Ifo of tube 

Fig 3 Twenty-four tranafcr distribution of valeric acid O, experimental, #, 
calculated 



No of tube 

Fig 4 Twenty-four transfer distribution of acetic acid □, first extraction, O, 
first plus second extraction, • , calculated curve 

of satisfactory punty for this particular study, in view of the 
constants and high recovenes obtamed m Fig 1 Nevertheless, 


physical 
a sample 
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of acetic icid waa dibtnbutcd lu the same S3titem used for the mixture of 
acids, except that the \oIume ot the upper lajer was doubled The 
result IS shown m Fig 1 Uwo succcssi\e extractions of the acidified 
now er lax ers w ere made 1 licx are gix'cn in Curx es 1 and 2 The absence 
of an apprcci ible imount of propiomc acid in the sample used is thus 
demonstrated 

point of interest can lie denxed bj comparing the distribution of 
xalenc acid alone and the corresponding band which emerged from the 
acid mixture in Fig 1 T.hc theoretical curxe for the former which is in 
agreement with the expenmental xalues is calculated on the basis of a 
partition coefficient of 7 7, and this value is in agreement xnth the exper- 
imentally determined partition coefficient On the other hand, it is neces- 
sarv' to base the calculation of the theoretical curve for the acid on the 
\ alue 10 for that obtained with the mixed acids This is an appreciable 
sluft of the position of the band and is a result which has been checked by 
a dupheate run of the four mixed acids made in a slightly different buffer 
We hav e noted such a shift in other distributions when one of the com- 
ponents occupied a position either far to the left or to the right of the 
diagram (partition coefficient of 10 or 0 1), but have not noted such a 
shift as yet xx’hen the component occurred near the center of the diagram 
(partition coefficient of 1) In the present case it afforded a shghtly 
.better separation of butj'nc and valeric acids than expected The posi- 
tion of the butync acid band was essentially the same either in the imxture 
or alone, as the companson of Figs 1 and 2 xviil show 
The agreement of the experimental curve in Fig 3 xxith the theoretical 
curve x\ ould indicate a linear partition isotherm This has been checked 
experimentally over the concentration range employed 

SUiDLXRX 

The use of the method of counter-current distribution for the separation 
and quantitative estimation of the volatile normal fatty acids (C2-C5) has 
been investigated A system and procedure satisfactor3’- for the purpose 
of estimation to xvithin 2 or 3 per cent have been desenbed 
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MICRODEIERMINVTIOX OF [MANGANESE IN BIOLOGICAL 
M VFERI \.L BY ME VNS OF C VT \.LYSIS* 

lU ERNEST KLX 

{/■rom the DcpinlmciH of Pharmacolo/jij, bnnersity of Chicago, Chicago) 
(Ueccued for publication, June 7, 1917) 

Ihc ‘'t md ird methods of manganese determination m biological material 
(1,2), based on the o\idation of Mn++ to permanganate, are not suf&ciently 
seniitn e Since the Mn++ content of animal tissues is very low, 20 to 100 
gm of matenal are required for analysis The color reaction of manganese 
dioMde and ben/idine \\as successfullj applied for the quantitative detec- 
tion of Mn++ m tifciaucs by Wicsc and Johnson (3) This method made it 
possible to determine manganese from 5 gm tissue samples However, 
in mimal experiments it is desirable to use even less matenal 

It wll be showai in this paper that the catalytic properties of Mn++ 
ofTer a possible means of microanal} sis of manganese, by which mere 
traces of ]\In++ can be deternuned from small tissue samples 

EXPERiaiENT S.L 

The method is based on Szcbelledy’s and cow orkers’ experimental results 
(4-0) It as slioira by them that the oxidation of cei tain phenol deriv- 
"atnes can be catalyzed by traces of Mn++ ion The most sensitive 
reaction for the measurement of 'Mn++ catalysis proved to be the oxidation 
of an aqueous solution of diethylamlme by an aqueous solution of potas- 
sium periodate At the present time the kinetics of this reaction as well as 
the structure of the oxidation product are unknoira When this reaction 
IS earned out m unbuffered solutions, no strict coi relation between the rate 
of the reaction and the concentration of the catalj'st was found The use 
of a phosphate-citrate-boiate buffer at pH 7 0 (7), however, increased the 
reproducibility of the measuiements by maintaining a constant environ- 
ment for the catalysis (Table I) 

[Markus (6) found that Fe++ and Mg"*^ do not alter this Mn++ catalysis 
Fe"*^ ion, which interferes with the catalysis m an unbuffered medium, 
did not show any effect in the buffered mixture, even when its concentration 
evas 10 times as high as that calculated to be present m biological material 
(8) Other heavy metals did not interfere when the procedure was earned 

* Part of this work was earned out with Geza Frendl in the biological laboratory 
if the chemical and pharmaceutical factory of Pahk and Company, Ltd , Budapest 

Aided by a grant (Contract N6on-20, Task Order 11) from the Umted States Navy, 
Office of Naval Research, and by the Dr Wallace C and Clara A Abbott Memorial 
Fund of the Umversity of Chicago 
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out at this pH and m the buffered media The sensitivity of this catalytic 
reaction could be increased by using a 5 times more dilute solution of 
diethylanihne and potassium penodate, with the aid of the Beckman! 
spectrophotometer ^ The optimal wave-length as determined with tfeiq 
instrument was found to be 470 mp 

Figs 1 and 2 weie constructed from the same data, obtamed ivith the 
Beckman spectrophotometer The optical density (log Jolh), measured 
at the 200th second, was plotted against the wave-length, expressed m m/i 
(Fig 1) A shaip maximum at 470 m/i was found 

Fig 2 shows the correlation betw’een the amount of h'In++ and the optical 
density measured under the same conditions as those mentioned for Fig 1 
The optical density measured at the 200th second after the addition of the 
1 x 104 solution plotted agamst the amount of !Mn++ on a sermloganthmic 
paper gave a straight line relationship for the concentration range used 

Table I 

Catalytic ictivity of Various Concentrations of Mn** in Phosphate Citrate Borate 

Buffer, pH 7 0 

The optical density of thejellon oxidation product of saturated diethylamline 
by saturated KIO< as measured bj means of a Lange-Roth photoelectnc color 
imeter, i\ith a blue filter, at the 120th second after the addition of the KlOi solution- 


Mu'** concuitraUoo micrograms per ml j 



Mn-^* free I 0 005 

0 010 

0 1 OJ 

Optical density 

Mean (10 measurements) 

SD 

0 116 
±0 001 

0 124 
±0 0011 

0 134 
±0 003 

0 169 
±0 0013 

0 198 
±0 0013 


This correlation made it possible to xvork out a method for the determina- 
tion of Mn++ If one measures the catalytic activity of an unknown 
amount of Mn++, that is the optical density of the dye, reached at a 
time (200 seconds), then the amount of Mn++ can be easily read from a 
standard curve , 

Reagents — 1 Saturated diethylamlme solution 4 drops of 
amhne base are diluted wuth redistilled water to 100 ml This is thoroug 7 
shaken and is left to stand for 24 hours at room temperature m a ar 
place Immediately before use the solution is filtered u h z 

2 Saturated potassium penodate This solution is prepared by sh d 

3 gm of crj'stalline KIO 4 in 100 ml of redistilled w'ater and treatmg 1 ^ 

'The spectrophotometnc measurements were made m the .ygpijo- 

E S G Barron, who kindly provided us with the use of his Beckman spec 

tometer 



E KON 



Fig 1 Correlation between the wave length used in the spectrophotometer and the 
optical density of the reaction mixture, containing varying amounts of Mn++ from 
0 0004 7 per ml to 0 04 7 per ml Readings were made at the 200th second after the 
addition of the KIO< reagent There is a maximum at 470 m/i 



Fig 2 Relationship between the amount of Mn++ and the optical density of the 
reaction mixture measured at the 200th second after the addition of KIO< shown on 
semilogarithmic paper The points are obtained from the same data as in Fig 1 
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the same manner as Reagent 1 Wlien a Beckman spectrophotometer is 
used, it IS necessai} to dilute Reagents 1 and 2 five times with redistilled 
watei 

3 Manganese standard solution Ciystalhne MnSO^ is dried for 3 
hours at 120° This subst nice is used for standard ;Mn++ solutions 

4 0 1m oxahc acid 

5 OInHCI 

6 Phosphate-citiate-borate buffer (pH 7 0) 


Procedure 


The 1 essels used must be carefully washed with a mixture of HCl and 
HNOs (1 1), and then with ledistilled iiater five times If the material is 
blood or any other fluid, it can be used as such For each analysis (50 
parallel measurements) 0 1 to 0 5 gm of tissue or 0 5 ml of fluid is required 
The sample is measuied into a platinum ciucible with 10 drops of 0 1 n 
HC l and igmted at 850° in an electric oven for 4 horns When the crucible 
IS cooled, 2 ml of 0 1 xi oxilic acid and 5 diops of 0 1 x HCl are added 
and the mixture kept at 80-90° foi 20 minutes This reduction is nec- 
essary because I\In+^ i'- oxidized at 850° to 3\ru+++, which is inactive as a 
catalyst in this case The contents of the crucible are quantitativeb 
washed mto a 100 ml flask and diluted to the maik with redistilled water 


Foi each determmation 2 ml of this extiact are required 
The measuiements aie made as follows 2 ml of extract plus 4 ml of 
buffer (pH 7 0) aie placed in a test-tube The mixtuie and the reagents 
are kept wath the standard hln"^ solutions at loom temperature for ^ hour 


Samples contaimng known amounts of Mn++ are piepaied in the same unj 
as tissue extracts Inmiediateh before the measuiements are made, 2 ml 
of diethylamhne solution plus 2 ml of IQOj leagent are added From the 
moment tins latter leagent is added the time must be measured exact } 
by a stop-wmteh foi 200 seconds During this time the test-tube is shahen 
for 30 seconds, then the mixture is poured into the photometer cup 2. e 
extinction is read at the 200th second aftei the addition of KIOj 
the straight hue obtained bj’’ plotting the knowm amounts of Mn++ aga ^ 
the E values read at the 200th second on semilogaiithmic paper, the h u 
concentration of the extract can be easily calculated To insure accuracj 
oxahc acid and HCl are added to the Mn++ standard solution m the same 


concentration as contamed in the tissue extiact 

To check the described method, its results w^ere compaied with t ose 
a knowm macromethod The Mn++ concentration of dried brewers 
was first determmed by the catalytic method on yeast samples ° .g. 

Then five parallel measuiements were made wuth a colorimetric me ° _ 
whereby was determmed as ICVInO^ on 50 gm yeast samp es 
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llic niicroniclhuil 1 S to 2 0 ing of pci 100 gm of jeast weie 

ol)t iiiu'ii, wink* the m icioiletemini ition jielcled 2 0 to 2 1 mg per 100 gm 
In ten Nunplci 0 01 7 of Mii'^ \\ is addctl m tlie form of MnSOi to 1 gm 
of >(. I'-t Ihi-, imount could be icco\cied \\ith a standaid deviation of 
dzO 00 IS \n iKtc-j of luinuii tissues earned out b} means of this method 
ire sliown in 1 dile II, in wliieh hum in muscle (quadriceps femoris), liver, 
ind kidne\ were in iK zed with both micio- and maciomethods 


riBii II 

1/71"*^ Conlcnt 0/ Human T:ssucs 


Oitn 

Catal> tic method 

Macromethod (r/ (9)) 

IromOSgm matenal 

From 50 0 gm material 


me per 100 fm 

ms per 100 sm 

Muhclc 

0 00S2 

0 0080 


0 0090 

0 0071 


0 00S3 

0 0092 


0 0100 

0 0084 


0 009G 

0 007G 

Mtan 

0 0090 

0 OOSO 

Luer 


0 086 



0 0C6 


0 087 

0 080 

Mean 

0 083 

0 077 

Kidnej 




0 021 



0 027 

0 037 

Mean 

0 02G 

0 031 

\ 


SUMMARY 

A coloiimetnc method, based on the catalytic piopeities of jVIn++, has 
been developed and used foi the microdetermmation of Mn++ in biological 
matenal Mn++ catalyzes the oxidation of dieth3damhne by potassium 
periodate to a yellow dye The speed of this coloi development can be 
measured by means of a spectiophotometei The speed of the reaction is 
a function of the amount of Mn"^ present m the reaction mixture With 
this method, 0 0004 7 to 0 04 7 of Mn-t+ per ml has been determined with a 
precision of ±15 per cent 0 5 gm of tissue or 0 1 to 0 5 ml of biological 
matenal is sufficient for 50 parallel measuiements 
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Geihng for making possible the pubhcation of this paper 
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'I'llK VCONll'K ^LKMOins 
\\ u urm u srunn b Willi vrisiM wn ibovi'isiN’K 

lh(.llVUll^l III l UM U VM) \\ M,ll U V IVCOMS 
(/tioi till / (iloriitoruj o/ I llockihlLr IniititnU lor Mutinil lu^uinh, i\iu \ ork) 

(lU 1 1 1 \ ul for piildH \(ioi>, Jmu' t, 1') 17) 

biiuo tlio ilk ilouls ot tho Mmu'wh’it simplei, le-'S toMC t lU'Hon ol tlio 
iLonito tints h.i\o btou iloluiliOKoiuttil with tt'K’iimm moiv tum"'''lull\ 
thm 'vcomtiiio uul ilolplumiii', it was of mtoiost to •'to whothoi this ‘uhim- 
( i^o would o\(oiul lu otliei iluvitioiit, luul Imtlioi 'ittoiupts w ith tlio dom v- 
d ition of itisiiu' liuo bti'ii lU'uU* Vloii}' with otlu'i obHui itioiis, toitam 
traii-'forni itioiis, mosth with isoitismo (1), tho i^oiuoiuiitioii piodut’t ol 
autisiiio, lu' prt touted hoiv as w piogioss u'poit 

On gtiitlo oNiditioii witli porniangiiiiiito, isoatisiuo has boon limnd to 
Jiold a iiLiiti d don\ iti\o, tmu'oahsiai, C- IfuOjV, whioh oont mis 1 nuuo 
oMgtn atom tlian tlio piunt substanto Its piudiiction loi ills tho toinia- 
tion of oxoitoiutmo anil oxodolphmino fiom aooiutnio anil dolphiniuo 
rospiotuih , but with tho dilUaonto that, in tho lattoi iiisos, tho lowtion 
lonsists m tho oxidatton to laibonvl of a niotlnlihio gioup adjacent to tho 
N atom with tho lots of 2 U atoms Thocomoisionotisoitismo,C HwON, 
to oxoiso itisnio, C"-irijOjN, otcum appaionth without suoh loss ot Ifj 
and, bicauso of its noutial cliaiai tea , it must also possess i laetam stiui luio 
A possible inteipietation of tho leaitioii in this ease is tho oxidation to CO 
of an othj Ionic C atom adjoining tho N atom as tollow s 

I H ^ I / 

— C=-C- 1 O ► — t’ll— CO— 

The ihsappeaianco of a lUmblo bond duiiiig tho tianstoimation has boon 
buggtslcd by othoi obsoivatioiis Isoatisiuo was pioMimsU shown to gi\o 
a totiahydio dcinatno on In diogonation (1), whoioas oxoisoatisiiio has 
now' been found to jiold onU a itihijdiooiotmiii'^iiH', C -/AjOiV V dilloi- 
ctico m bohavioi was also noted with poiboiw.oic acid Oxoiso itisuio loaets 
with only 1 oiiuivalont of this loagont, whoieas isoatisiuo within a shoit 
time consumes moio than 1 ociuivaloiils {'rablo 0 Tho loaotion with 
isoatisiuo thoiofoio goes bovond tho 2 oiiuivulonts loquiied In tho 2 double 
bonds shown to bo piesont by its hydiogenation to totudndioatisino and 
involves tho basic function and possibly an active mothjlono giimp 
Atisino and totiahydioatisino also w'oio lound to oonsunio 3 and 2 oqui- 
valcnts of tho leagont lospcctivoly duuiig tho sanio tune With each of 
these bases tho initial rapid consuniiition of poibon/.oio acid was followed 
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by a continued more gradual reaction, until aftei 2 days all of the reagent 
added (7 to 10 eqm^ alents) had been consumed During such prolonged 
action neutral matenal resulted, but nothing crj’stalline could be isolated 
Prevost’s reagent, so called sih er lodobenzoate, u hich is known to add 
to an ethylenic double bond with the formation of a glycol dibenzoate (2), 
w as likewise found to attack isoatisme The lattei with an excess of the 
reagent jaelded a sjTupy mixture of the estei From this, on sapomfiea 
tion, benzoic acid was spht off and a ci'jstalhne neuiral substance obtained 
mth an apparent formulation, Its neutral character showed it 

to be a lactam and therefore related to oxoisoatisme If the production 
of the substance occurs in the conventional way, at first by formation of a 
glj col dibenzoate follow ed bj hydrolj sis to a glv col, further rearrangement 
must then occur to produce the CO group of the lactam Its further study 
has been deferred foi the present 


Tvble I 

Eqmialcnts of Pcrbcnzotc icid Lscd in Oxidations 



OJ hr 

2 hr» 

il hrs 

24 hrs 

IShiJ 

Oxoisoatisme 

0 94 



0 94 


Isoatisme v 

4 43 

5 C5 

MEM 

7 00* 

HU 

Tetrahj droatisine 

2 15 





^tisme 

3 00 


3 SO 



Z^-Ethx Ipipendme 

1 20 

1 70 

2 35 

5 IS 


Cj clohexene 



0 99 



Carv one 



1 01 




* All the reagent used up 


Another diffeience between isoatisme and oxoisoatisme w'as noted m 
their behavnors on bionunation in methanol The foimer in the presence 
of HBr was converted to a dibromoisoalmnc hydrobi oimde, CsiH^zOiNBr! - 
HBr, by the addition of 1 mole of biomme Oxoisoatisme, on the other 
hand, yaelded a neutial compound, bt omooxoisoalisine, 
by substitution wnth biomme Dihydrooxoisoatisine remained imanec 
on attempted bromination The double bond which can be hydrogenate 
m oxoisoatisme must therefoie contiibute m some way to its substitution 
with bromme The double bond to which bromme adds m the case 
isoatisme must either disappeai duimg its oxidation to oxoisoatisme or 
has been shifted so that its leactivity has been altered Although ^ 
interpretations of these obseiv ations might be made, these will be le o j 
later occasion 

■'ATien oxoisoatisme w as tieated with methanol saturated tvitn n 
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It w i', com tried into uiothti nculral bulstance, Ci^Ih^iOsN', a foimulation 
fcuggt-,tcd 1)\ tlie in il\ tit il d it i The ictcntion of the so called N-alkyl 
(etlnl) group w is iho shown In the aiiiljsis The appaient loss of CjHi 
■ during Us lonn Uion from o\oi'oatisine nn> li ii o been the result of renro/al 
from the 1 itltr of C-mtth\l groups oi i side chiiii oi budge The ultra- 
Molot ib'orption spettnnn ot o\oibO itisine (Fig 1), like isoatisine (3), 
showed only unetcntlul end ibsoiptiou, but the C:oH~) 03 N product now 
c\hibitb a charicteristic peik at 2950 V (Fig 2) which was piacticallj 
unifTected when taktn also m uid solution The position and intensity 



Fio 1 O o\oisoiiti3ine in ctliunol, • in ethanol with excess HCI, + CjoH-jON 
base m ctbanol, X in ethanol with excess HCi 


of the band indicate caibonjl absorption But the presence m the com- 
pound of a CO gioup could not be detected diiectly wath hydroxylamme 
The formation of a carbonjl gioup from oxoisoatisme by such treatment i? 
not clear, but it could possiblj be due to the learrangement to CO of 
a newly formed, if not already present, alljdic configuration as follows 

H 

I I o 
— 0 = 0—0 
H 


—OH— OH— 00— 
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This compound dissoh es sloi\ly m strong aqueous HCl but shows no basic 
properties when titrated i\uth dilute acid Solution in only strong acid 
may be due to a weakly basic charactei or to the opemng of a lactam nng 
The CsoHssOsN deru atu e m a preliminary study m as found to consume 
about 1 7 moles of Hs m 24 horns Although a crj'stalhne substance was 
obtamed which differed from the stalling mateiial, no consistent analytical 
data w^ere obtamed with it The hydrogenation, however, did not affect 
appreciably the ultra\ lolet absorption of the onginal substance, as seen 
from the cun es given in Fig 2 A further descnption of the substance will 
be deferred until more satisfactory analytical data have been obtamed 



Fig 2 O C-oH-jOiN product in ethanol, + in ethanol with e'ccesa HCI, • 
hydrogenated C:i®;sOjX product 


In contrast to isoatisine, atisme is not oxidized by permanganate to a 
neutral product under the gentle conditions used The reagent is con- 
sumed but slowly, and unchanged atisme is readily recovered Howeier, 
as will be presented on a later occasion, the use of a large excess of reagen 
under different conditions does cause oxidation Since both atisme an 
isoatisme yield the same tetrahydroatisme (1), the conversion of the i 

into the latter must mvoh e one or more double bonds It appears a 
the double bond on the C atom adjacent to the N atom 
isomenzation, smce the resulting 
weaker base than atisme Isoat: 
m aqueous solution wath NajCOs, 


itisine has proved to be a consiu..--^-^ 
; IS hberated completely from its » 

*i,flsf:ron 2 er reagent, 
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N lOlI The sop imtioii ot the two subbtauccs by extraction from a muxture 
w IS readily accomplished b\ taking advantage of this difference '■ 

U this point mention can be made of a prehmman attempt at the high 
pressure dehj drogcnation of itisme m benzene wath Ranev’s nickel on 
•Vl.Oj, made possible by the kind cooperation of Di I A Wolff of the 
United States Department of Agricultuie, Noithern Regional Research 
Liboratory, at Peorii, Illinois A base, CioffioO.V, wis obtained from 
the reaction mixture, m p 145-150° This formulation uas supported 
by the an ihsis of the picraic uid'if the hydi ochloride The interpretation 
of the substance will ha\e to iw ut fuither study The ultraviolet absoip- 
tioii spectrum is gi\cn m Fig 1 The 2 caibons lost m the production of 
the substance mij be those m\olved m the transfoimation by methanohe 
IICl of oxoisoatu^me to the CioHiaOjN compound 

The presence of an N-methjl group in atisine was fiist reported by 
Liwson and Topps (4), and tins was accepted in our earher studies with 
the substance However, observations ha\e been accumulatmg which 
made desirable a further studj of the nature of this N-alkyl 

The occasion was taken to lepeat the analjtical studies also with the 
other acomte bases in this regard These determinations have been made 
b} Mr D Rigakos of this laboratory based on the method of Pregl and 
Lieb (5) 

The results presented in Table II have consistently shown that the aco- 
nite bases, aconitine, napelhne, atisine, and heteiatisine, behave as if the 
alkyl IS N-ethj I because of the solubility of the resulting ethvltnmethyl- 
ammonium iodide in absolute alcohol In the case of delphimne and 
staphisine the group w as found to be N-methyl But m contrast with the 
N-methyl determinations the N-ethyl values have been consistently low 
Similar low results w'ere obtained also with N-ethylpiperidme used as a 
contiol Whether, in the case of the aconite bases, this is due entirely to 
the difficulty of the method or to the fact that the presumed N-ethyl group 
may occur not as such but perhaps as a bridge between the N atom and 
another part of the molecule remains to be determined In addition to the 
N-ethyl determinations, the small N-methyl results shown m Table II 
may owe then origin to fi actional cleavage of C-methyl groups 

As a further check on the mterpietation of the N-ethyl results, isoatisine 
m larger amount was decomposed with the reagents as used m the N-alkyl 
deteimination This permitted the isolation of a sufficient amount of 
ethyltrimethylammonium iodide and of a smaller relative amount of 
tetramethylammomum iodide for identification 

* It was found that the crude resinous alkaloid mi'rture from Aconitum hetero- 
phyllum, in which atisine was originally the preponderating alkaloid, after long 
standing (4 years) yielded almost entirely isoatisme due to isomenzation The 
isolation of the latter was readily accomplished by the above method 
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EXPERIMENTAL 

Oxoisoalisine — Isoatisine (0 5 gm ) dissolved m 50 cc of acetone and 0 5 
cc of acetic acid was giadually tieatcd in the couise of 30 minutes \nth 0 3 
gm of potassium peimanganate Aftei complete reduction of the reagent, - 
the dioxide vas collected with acetone The filtiate yielded in vacuo a 
syrupy residue which v as dissolved m chloi ofoim The latter was washed 
vith 10 pel cent HCl, diied over Na 2 S 04 , and concentrated The residue 
(480 mg ) ci 3 '^stalhzed Avhen nibbed wdh ethanol On lecrystalhzation 

Table II 


N-Alkyl and Mclhoxyl Dciemunalions 


1 

Found 

Calculated 

Ethil 

Methyl 

OCHj 

Ethyl 

Methyl 

OCHi 

Aconitine 

3 01 

0 22 

10 47 

4 50 


19 23 


2 40* 


19 40 ^ 





2 92* 


19 20 




Napelline 

4 78 

0 22 

1 

6 60 




4 12 

0 39 


1 



Heteratisine 

3 60 

0 32 

7 95 

7 42 



1 

3 48 

0 23 

8 11 

1 



Atisine HCl 

4 53 

0 38 


! 7 65 




4 53 

0 21 





Delphinine I 

0 SO 

2 OS 

20 87 


2 51 

20 71 — 

Isoatisine 1 

4 70* 



8 46 




4 37* 






N Ethj Ipiperidine 

16 54 



25 67 



N-Ethj Ipipendine 

11 53 



19 41 



HCl 

i 








* These determinations were run as NtCHa) but calculated for NtCjHs) 


fiom ethanol'Watei , 110 mg of oxoisoatisme vere obtained, mp, 

2t)0° aftei partial softening at 215° 

C H33O3N Calculated, C 73 48, H 9 20, found, C 73 37, H 0 U 

The lathei ill defined melting point ivas not impioved b}'’ attempted 
purification Sublimation at 0 05 mm and 200° jnelded a crystal me 
substance, m p 250-255°, with paitial melting at 225° 

[«]“ = —39° (c = 0 91 m chloroform) 

Found, C 73 25, H 9 11 

Tlus subhmate after leciystalhzation from ethyl acetate melted at 240 
247° with softenmg at 230° 

Found, C 73 47, H 9 20 
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Vnotlicr prepirUioii ot o\oiboatiMnc after one recrystallization from 
ethjl itctatc melted at 235-210® 

“ —37“ (c ■=■ 0 91 in chloroform) 
round, C 73 31, 11 9 0S 

Bromooxoi'oalisuiL — V ticbhlj prcpucd 0 0977 m solution of bromine 
in metliinol w is idded ilropwisc to 70 2 mg of o\oisoatisine in 3 cc of 
melhuiol llie iddition u is ittendcd 1 j 3 immediate absorption of 
bromine \.fter 2 20 ( i had been added, a definite excess of leagent 
rein lined llie tlicor% tor 1 equu dent ib 2 17 cc An additional 0 3 cc 
of lojgtiit Mis added ind, ittei i hilf lioiii, an excess persisted The 
motluiiol '-olution was concentrated ind the lesidue was dissolved in 
chloroform ind wa'-hed with i sodium liisulfite solution Aftei dijang 
and conccntr itioii, the residue obt lined was lecrjstalhzed twice from 
nietlianol-water llie \ield w is 30 mg , and the melting point 172-175° 
The substance formed rhombs 

[orlo = —73’ (c = 0 70 in ethanol) 

C Ifj OjXBr Calculated, C 00 25, II 7 3S, found, C 00 27, n 7 25 

Dibromoisoaltsine Ilydi obromidc — Isoatisine (305 mg) dissolved in 10 
cc of methanol was titrated with freshly prepared 0 245 ii bromine in 
methanol, during which 3 5 cc were rapidly decolorized (1 mole = 3 6 cc ) 

A further 0 5 cc was added and then, caiefully, 48 per cent HBi until acid 
to Congo red Excess bromine persisted for several hours After standing 
in the refrigerator 80 mg of colorless needles were collected The filtrate 
on concentration jaclded a second crop The combined material was 
recrystallized from methanol and gave 120 mg , m p 212-215° with 
decomposition > 

C jIIjjO NBr; HBr Calculated, C 45 20, H 5 87, found, C 45 12, H 5 98 

The hydrobromide is difficultly soluble in w^atei The base was liberated 
with alkali and extracted with benzene, but could not be obtained in 
crystalline form 

Dthydrooxoisoahsine — 84 mg of oxoisoatisine dissolved in 5 cc of 
methanol were hydrogenated with 41 mg of platinum oxide catalyst and 
absorbed 1 3 equivalents of within 4 hour At the end of 3 hours, no 
further absorption was noted The methanol filtrate was concentrated to 
dryness and the residue was leciystalhzed twice fiom ethyl acetate 65 
mg of stout needles weie obtained, which melted at 219-223° 


[a]n = —38° (c = 1 21 in chloroform) 

C iHjiOiN Calculated, C 73 07, H 9 77, found, C 73 15, H 9 72 
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On attempting to brommate dihydrooxoisoatisme as descnbed above, 
no apparent absorption of halogen occmied Even after standing with 
an excess of bromme for 2 houis, the starting mateiial was recovered The 
melting point of the latter w'as 215-222° and of a mixture with the original 
substance 219-223° 


Found, C 73 15, H 9 52 

Pteuost’s Reagent on Isoalisine, Subslunce C' 2 :i? 3 iOjiV — 100 mg of iso- 
atisine were shaken wnth 750 mg (4 equivalents) of Prevost’s reagent in 
30 cc of diy benzene for 2 da 3 ’’S An excess of leagent persisted After 
filtiation of the silvei salts, a neghgible amount of basic substance was 
extiacted with 10 per cent HCI The benzene phase, when dned and 
concentrated, yielded a neutral syiup (180 mg ) which could not be crystal- 
lized 0 16 gm was sapomfied for l-j hours in 1 5 cc of 0 15 N NaOH and 
10 cc of methanol The solution -was neutralized with dilute acid and 
concentrated to small volume After addition of excess HCI, the suspen- 
sion w'as repeatedty'extracted w ith benzene A sodium bicarbonate extract 
of the benzene extract jnelded 20 mg of benzoic acid, m p 120° The 
remaimng neutial fraction aftei evaporation of the benzene crystalhzed 
from ethanol and gave 20 mg of long needles, m p 225-235° A mixture 
of this substance with oxoisoatisine melted at 200-210° 

C. 2 H,i 03 N Calculated, C 73 89, H 8 76, found, C 73 78, H 8 58 

Perhenzoic Acid Oxidations — For these determinations 0 2 to 0 3 nDi 
of the test substance was dissolved in 1 cc of chloroform and the solution 
was made up to 10 cc with 0 2 lu pei benzoic acid in chloiofonn 2 cc 
ahquots were removed at intervals for lodometnc determination of the 
reagent excess Blanks were lun with the reagent alone to correct for 
slow decomposition at room tempeiatuie As controls, cyclohexene, 
canmne, and N-ethylpipeiidine weie examined The results are recorde 
m Table I . 

Oxoisoahsine and HCI in Methanol — ^To 5 cc of methanol saturated wi 
dry HCI at 0° were added 65 mg of oxoisoatisine After 7 days in a sea e 
tube at room temperature, the mixtme was concentrated to 
in vacuo and redissoh^ed m chloroform When shaken ivith ivater, 
matenal was extracted into the aqueous phase The latter was 
alkahne and reextracted wnth benzene The latter yielded, when 
and concentrated, 75 mg of a syrup xvhich crystallized from dilute et an 
After two recrystalhzations fiom this solvent, 30 mg of stout nee es w ^ 
obtained, which melted at 197-202° The substance xvas halogen-free 
contamed no methoxyl 
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[a)n “ —17° (c ■=> OOl in chloroform) 

CoH jO\ CilculUcd C 72 15, II S S2, (N)C 2 n 4 8 76 
1 omul “ 72 12, “ 8 98, “ 6 SO 

V s.(.()iul picpu iliun nulled at 190-198° 

1 ound, C 72 CO, H 8 99 

'Ihi'i bubfct nice duiohcs \erj slowly m 10 per cent HCl, from, whicli it 
can be rcco\ercd with alkali In methanol solution it consumed no HCl 
against ilizinn red S is indicatoi Isoatisine can be quantitatively 
titrated ag uiist this indic itor Xo crystalline material could be obtamed 
when atisinc or isoatisme was simihrlj treated with methanol saturated 
with HCl 

Calahjlic Dthydrogaialioa of Alisine — 5 gm of atisine hydrochlonde 
which had been decomposed with NaOH and extracted as the base with 
benzene were heated in benzene solution at 325° with 3 gm of Raney’s 
nickel catalj st on ilumina (G) for 10 hours The benzene filtrate was then 
extracted w itli 10 per cent HCl and lollow ed by 5 per cent NaOH 1 5 gm 
of a neutral fraction were recoveied from the benzene phase NaOH was 
added to the acid solution and on extraction wnth benzene 2 5 gm of a 
basic fraction were recovered The amount of acidic substances proved 
neghgible The neutral fraction was chromatographed through AI2O3, 
but none of the subfractions was sufficiently promismg for further study 
The basic fraction w as also chromatographed on AI2O3, and with benzene 
a lower yellow' and upper brown band developed The lower band was 
eluted wath benzene and yielded 0 80 gm of a yellow, rather mobile oil 
The upper band was removed wath 30 per cent methanol m benzene and 
gave 1 15 gm of material The latter was a dark brown tarry substance 
and yaelded nothing crystalline The first fraction in ethanol was treated 
with an equal weight of picric acid m ethanol 1 gm of yellow needles 
of the picrate was obtained, w'hich melted at 254r-256° 

CjoHi.ON C.HiOjN, Calculated C 59 07, H 6 11, N 10 60 
Found “ 59 16, “ 5 98, ‘‘ 10 56 

When the picrate was decomposed with aqueous NaOH and extracted 
with benzene, 0 6 gm of the oily base was recovered A portion of the 
latter was converted to the hydrochloride and recrystalhzed from ethanol- 
ether It formed fine needles, m p 230-235° 

[alS = +31° (c = 1 27 in HjO) 

CsoH jON HCl Calculated, C 71 49, H 9 01. found, C 71 32, H 9 21 

The salt dissolved m a small volume of water gave with ammonia the 
crystallme base After recrystallization from ethanol-water, the fine 
needles obtamed melted at 145-150° 
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CsoH.jON Calculated C S0 20, H 0 77, (N)C:H5 9 68 
Found “ 79 98, “ 9 89, “ 2 49 

Methyl and Ethyl Iodides from Isoatisine — 300 mg of isoatisme, 200 mg 
of phenol, 1 gm of ammonium iodide, 0 5 cc of acetic anliydride, and 1 5 
cc of hydnodic acid were placed m the conventional micio N-alkyl ap- 
paratus A 3 per cent solution of trimethylamine m 75 per cent ethanol 
was used as the absorbent in the leceivers After carrjing out the decom- 
position according to the analytical procedure (5), the contents of the 
receivers were evapoiated to diyness in vacuo When the residue was 
digested -mth 30 cc of absolute ethanol, 35 mg of insoluble material 
remained After lecrjstalhzation fiom methanol-water this fraction 
yielded 10 mg of tetrameth^ lammomum iodide 

CMi.NI Calcufafced, C 23 SS, H 5 97, found, C 23 77, H 5 70 

Fiom the ethanol-soluble fi action 55 mg weie lecoiered This was 
dissohed m 25 cc of acetone and slowdy concentiated Three successive 
crops of ciystals of 5 mg each weie discarded From a \olurae of 5 cc , 
30 mg of the long needles of ethyltiimethylammonium iodide were col- 
lected 


CsHi^NI Calculated, C 27 91, H 6 56, found, C 27 62, H 6 44 


A control deter nimation with 200 mg of benzylethylanihne gave 38 mg 
of ethylti imethylamraonium iodide A blank run with the i eagents proved 
negative 

Isolation of Allaloidsfioin Old Ciude Acomtum hetei ophyllum Extrad-^-l^ 
gm of the light brown resm of total crude alkaloid fraction from Acomtum 
heterophyllum which had been extiacted 4 years previously were dissolved 
in 200 cc of benzene The solution w as extracted twice w ith 50 cc of 10 


pel cent HiS 04 The benzene phase yielded 1 gm of a neutral resm 
With vigorous stiirmg, 12 cc of 20 per cent NaaCOs followed by 20 cc o 
4 per cent NaaCOs were added diopwuse A small amount (2 gm ) of dar 
brown gum which separated was recovered wuth ethei but yielded 

crystalhne A further 25 cc of 20 per cent NaaCOj were carefully adde 

ivith still mg to the aqueous phase From the mixture, which had become 
famtly alkaline to phenolphthalein, a copious yellow gum separated an 
w'as extracted ivith benzene 13 5 gm of resm obtamed from this extrac 
were dissolved m a minimum of hot ethanol and diluted wath wmter o 
turbidity Aftei cooling, 8 gm of isoatisme w'hich ciystaUized 
coUected. mp 149-151° [a]f = -155° (c = 098 
reported constants (1) are, m p 150-151° and [a]; = —16 5 (0 
toluene) 
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C H 0 \ C ilciil itccl, C 7l) 01, II 0 09, found, C 77 27, H 9 36 

1 ruin llie 'koliolu niotlior li(|Uoia on concentration 1 gm of material was 
^ubt,mK(l whuh nuUeil liom 110-200° Vftei two icci'j'staUizatioDS fiom 
ctliinol 0 1 gin ol lime hetti itiMiic re-nlted, m p , 209-271° No depres- 
"lun w IS noted wlien nn\ed with m nithentic sample 

C H Oi\ C ilculitcd, C 07 17, II S 60, found, C 67 71, H 8 40 

Ihe niiicoiis pliibc liter e\ti iction of the isoatisme was made stiongly 
ilk dine bj the ukhtion ol 20 gm of KOII B\ lepeated extraction \vith 
benzene 2 gm ol i rc=inoiis rup weie obtained which could not be crjstal- 
hzed dirccth but crjatalhzed as the hjdrochloiide The yield of atisine 
Indrochloride w is 0 35 gm , mp 300-310°, [a] o' = +27 6° (c = 20 m 
11:0) Ihc rccoidcd constants (1) are as follows mp 311-312°, [q;]d^ = 
+28° (c = 1 0 111 11:0) 

C. II 0\ IICI Cdculated C 69 52, H 9 02. found, C 69 56, H 9 22 
Vll an ilj scs w ere performed bj Mi D Rigakos 

SUMMtRX 

Isoatisme, C+IImOjN, is oxidized with permanganate under gentle 
conditions to a neutral lactam, oxoisoatisine, C::Hs 303 N The transforma- 
tion must mvoh e the loss of an ethjdenic double bond on a C atom adjacent 
to the N, as shown b} hj drogenation studies and b}' the change m behavior 
with bromine This double bond must also paiticipate in the isomenza- 
tion of the strong base atisine to the weakei base isoatisme 

Other transfoimation pioducts aie desenbed which were obtained by 
the action of silvei lodobenzoate on isoatisme, of HCl m methanol on 
oxoisoatisine, and by the high pressuie catalj’tic dehydrogenation 
of atisine 

The group which reacts as N-alkjd in the acomte bases acomtme, napel- 
line, atisine, and heteratisme has been shown to be N-ethyl, whereas m 
delphinine and staphisine it is N-methyl 
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STUDIES OX THE XVTUIUaLY OCCURRIXG PENICILLIXS 
VX VSSU’ MEnrOD for pexicillix g 


THOMAS C GRENTELL, JOHN' V MEVXS, and ELLIS V BROWN 

(From the Research Laboratory of Chaa Pfi.cr and Company, Inc , 

Drool lyn, Veto Yorl) 

(R(.cei\cd for publication, December 27, 1916) 

Tile prttent trend toward high punt}' in commercial pemciUm, with 
cmplntib on the penicillin G, has mcieased the need for more accurate 
methods of anal} sis Since crude pemcilhn is known to be a mixture of tw o 
or more of the naturally occurnng pemcilhns (1) and since biochemical 
methods of assay become complicated and uncertain when more than two 
penicillins are present in a niLxture, chemical and ph}sical methods seemed 
to offer the best hope for success 

The first step m determining the percentage of pemcilhn G m a product 
IS to ascertain the total amount of all the pemcilhns present Several 
chemical methods for the assay of total pemcilhn have been proposed 
Herriott (2) desenbed a method based on heatmg pemcilhn m acetate 
buffei, pH 4 0, and deterrainmg the increase m ultraviolet absorption at 
322 m^ w ith a spectrophotometei Scudi (3) has reported a colorimetric 
method based on the reaction between a special d}e and pemciUm, which is 
follow ed by remo\ al of the unused dye and measurement of the combmed 
d}e The titnmetric procedures include the lodometnc method of Ahcino 
(4) and the penicilhnase method of Murtaugh and Levy (5) Two titri- 
metric methods have been developed m this Laboratory ^ One is dependent 
on alkali inactivation in conjunction with hydrogen peroxide and is similar 
in principle to the penicilhnase method but moie rapidly accomphshed 
Ihe other method involves only inactivation wuth alkali, follow'ed by back 
titration of the excess alkali 

The method w'hich we propose for the determmation of total pemcilhn 
involves merely reading the optical rotation of a solution of known con- 
centration The specific rotation of pure sodium pemcilhn G is -f 298° 
dt 3°, whence the molecular rotation is 106° ± 1° X 10^ This value 
appears, wnthm the limits of expeiimental error, to be the same for the 
other varieties of penicillin, and since these differ relatively httle m mo- 
lecular weight the specific rotation of a sample may be taken as a measure of 
the total pemcilhn content Some decomposition products of pemcilhn 
possess optical activity, but observations made on a large series of samples 

1 Chaa Pfizer and Company report to the Committee on Medical Research, Office 
of Scientific Research and Development, August 13, 1946 
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have shoAMi this activity to be insignificant In fact, almost all com- 
meicial penicillui, 800 units pei mg oi ovei, has given extremely accurate 
values by this method, as shoun in Table I In cases of doubt, total 
penicillin may be checked by biological means (6) oi by one of the chemical 
methods pieviousty mentioned 

Oiu pioceduic foi the estimation of pemcilhn G is based on the fact that 
the absoiption spectrum of sodium pemcilhn G in the legion 250 to 280 mix 
contains the chaiacteiistic “bleaks” ot the benzjd gioup at 258 and 263 m/i 
(Fig 1, Curve 3) In contiast, othei penicillins not contammg an aromatic 
side chain give a non-chaiacteiistic absoiption with very low values for the 
optical density in the lange 2G0 to 280 mya Penicillin X* has a very high 


T VBLE I 

Comparison of Polanscopic and lodonielric Assays for Total Penicillin Content 


Sample No ^ 

Polanscopic 

lodometnc 


per cent 

per cent 

1 

100 

100 

2 

9S 

99 

3 

97 

90 

4 

90 

94 

5 

90 

95 

G 

97 

96 

7 

90 

95 

S 

95 

92 


optical density at 280 m/x, vheieas the othei species have a aminial oi low 
absoiption at this wave-length Macphei'son's modification of the Pauly 
reaction (7) was adapted to the estimation of pemcilhn X m the presence ot 
a laige amount of pemcilhn G Sodium penicillin G gives a defimte yellow 
coloi with the Pauly test, but the piesence of more than 0 5 per cent of 
penicillin X is indicated by the dev'elopment of a pink coloi As can be 
seen by a consideiation of the absorption spectra, the piesence of pemcilhn 
Xwill gieatly affect the accuiacy of the pemcilhn G detemination, and t e 
method leported heie is not lecommended foi samples contammg more 
than 1 pel cent pemciUin X Fig 2 shows the absoiption spectrum or 
essentially puie sodium pemcilhn X (Cuive 1), while Fig 1 showa le 
absoiption foi a mixture of 95 pei cent pemcillin G with 5 pei cent pemci 
hn X (Curve 1) . 

The assay method foi pemcilhn G consists of measunng the op 

Wo wish to thank Dr Henry Welch of the Food and Drug Administration for a 
supply of sodium penicillin X 
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(iviibitN It 2G3 IBM and subtracting trom tins figuie the optical density at 
2S) IBM '11ns difTcrcnce in optical deiisiti is then representative of the 
iniount of penicilhn G present A graph showing the optical density 
dilTtrence plotted igiinst per cent penicillin G in the sample is showm m 



Fig 1 Ultraviolet absorption spectra of crjstallme sodium penicillins in 1 cm 
cells (1 8 mg per ml ) Curve 1, 95 pec cent penicillin G plus 5 per cent penicillin X, 
Curve 2, commercial penicillin G (1600 units per mg ), Curve 3, pure penicillin G 
(1607 units per mg ), Curve 4, punicillm K, also identical curve for a mixture of 
penicillin F species 

Fig 3 The instrument which we have used is a Beckman quartz spec- 
trophotometei 

The presence of small amounts of pemcilhn decomposition products 
causes a shift in the absorption spectmm which lesults m higher optical 
densities "When this decomposition is sufficient to give an optical density 
higher than 0 10 at 280 mp, punfication of the sample is necessary and can 
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be accomplished by the conversion of the pemcillms to the ammomuin 
salts 

When the optical density at 280 is 0 10 or less, spectrophotometnc 
readings can be made directly in the manner used below for the purified 
ammomum salt Houe\ei, this condition is comparatively rare and for 



I WAVE LENGTH MU 

Fig 2 Ultraviolet absorption spectra of crystalline sodium penicillins in a 1 cm 
cell (1 8 mg per ml ) Curve 1 , penicillin X, Curve 2, penicillin G 


the most part a punfication will be necessai-y Tivo proceduies are ^ 
Procedure A is useful with ciystalhne penicillm salts or yellow amorp oi^ 
pemcillms havmg a potency of 1400 units jier mg or better Proce ure^^ 
IS necessary with some crude amorphous products The need for a ^ 
method for the more crude samples of pemcilhn will become obvious r 
study of the yield of ammomum salts obtainable from different qua 
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PERCENT PENICILLIN — G 


Fig 3 Change in optical dcnbity dillcrenco (263 to 280 him) with increase in per 
cent penicillin G at a concentration of 1 S mg per ml of penicillin 



AMMONIUM SULFATE GMS/lOOCC 

Fig 4 Recovery of ammonium penicillin with increasing ammonium sulfate con- 
centration Curve 1, crystalline sodium penicillin G (1667 units per mg ), Curve 2, 
amorphous sodium penicillin (1400 units per mg ) , Curve 3, same (1250 units per mg ) , 
Curve 4, same (1000 units per mg ), Curve 5, same (900 units per mg ) Penicillin 
concentration, 1 8 per cent, pH 7, —5° for 1 hour 
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product (Fig 4) In either case, the total pemcillm must be determined 
as mchcated pieviously 


EXPERIMENTAL 


Procedure A — A 180 mg sample of the product to be analyzed for total 
penicilhn was dissolved in 10 ml of freshly boiled and cooled distilled nater 
at 22-24° The angulai rotation was detennined witlun a period of 10 
nunutes and the specific lotation calculated in the usual manner 
A solution of pure penicillin G, similaily piepaied, is used as a standard m 
the polariscopic assay Subsequent deteimmations of penicilhn concen 
trates aie based on this standaid Pine sodium pemcillm G, as determmed 
m oui laboiatoiy on numerous samples, has a specific lotation of -f-298° ± 
3° at 25° The pei cent total penicillin was calculated as follows 


Specific rotation of sample X 100 
Specific rotation ot pure sodium pemcillm G 


% total pemcillm 


Results obtamed with samples of penicillin from a number of manu- 
facturers are shown in Table I 

To each 5 ml of a solution fiom the polaiiscopic assaj were added 18 
gm of pure amraomum sulfate and 1 diop of 3 poi cent ammonium h} 
droxide The mixture w as slow'ly cooled to — 5° w ith sturing, and held at 
this temperature 1 hour The crystalhne slimy w as filtered through a pre- 
chilled semimicro Buchner funnel and the filtei cake w as w ashed wath 1 to 3 
ml of ice-cold 40 per cent ammomum sulfate solution The precipitate 
was dissolved in 5 ml of watei and the pemcillm deteimmed m both thb 
solution and the mothei hquoi polariscopically 

On the basis of the polaiiscopic assay, the pin ified ammonium salt was 
diluted to a concentiation equivalent to 1 S mg of total sodium penicillin 
per ml The solution was placed in a 1 cm quartz cell and the optica 
density was determined for the w'ave-lengths 263 and 2S0 mp From these 
values, the optical density difference was calculated 

. (Optical density at 263 mji) — (optical densitv at 

2S0 m^) = optical densitj differenc 

With tins value, the pei cent of sodium pemcillm G in the sample 
deteimmed from Fig 3 Pure sodium penicillin G at a concentration o 
mg per ml exhibits an optical density diffeience (263 to 280 mp) of ® 

Notes — ^By the ammonium salt precipitation method, materials o 
umts pel mg quahty aie sufficiently puiified to give absorption spec 
appioachmg those of the pure penicilhns (Fig 1) In the case ® 
cipitated ammonium salt, moie latitude is peimissible m 
optical density at 280 mp and this may be considerably higher 
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0 10 limit on the todium mIL witliout mtcrfcung witli tlic .icuiracy of the 
(!c tcimin Uion will bo tcca fiom Fig J, tiic yield of ammonium salt 
iroin in iteri il ol 1100 unilb per mg is better than 90 pei cent It has been 
loiiiid th it the proportion ol the \arioub penicillins in the mother hrjuor is 
csionti dl} the time as in the precipitate ind no collection is necessary for 
tills dilTcreuce from i qii intit iti\c yield Hiis is ilhistiatcd by two e\- 
implcs chosen Iroin i luge niimbei of c\peiiinents 

To 10 ml of 1 solution coni nning 120 mg of sodium penicillin G, 10 mg 

01 jiemcillm K, md 10 mg of penicillin F wis added sulhcient ammomum 
suit ite to gi\e i coiKcntr ition of 30 gm pci 100 ml On standing at 10- 
15° lor 2 hours, a 9o per cent icco\cry of the penicillins, as the ammomum 
s ilts, w as obt lined bj filtci nig and washing wath cold satuiated ammomum 
suh ite Ihc polariscopic-iiltraMolct absorption assay showed 83 per cent 
of ijcmcillm G ind 17 ixu cent of other pemcillms The amount of peni- 
cillin G as added to the oiiginal simple was So 7 pci cent 

Another sample w is piepaicd from 210 mg of sodium pcmcillm G and 
GO mg of sodium iiemcilhn F It was tieated with 20 ml of saturated 
ammonium sulfate and 95 pci cent of the pemcilhns were lecovered The 
polariscopic-ultiac lolet absorption assay show ed 80 pei cent of penicillin G, 
which exactly coi responds with the amount intioduced 

Fig 1 illustrates the absorption spectia of vaiious samples Curve 4 
w as obtained by plotting the values for sodium pemcilhn K and a mixture of 
F species pemcillms m which the pemcilhn G content was essentially zero. 
These two pemcilhn species gave identical cui-ves Cuiwe 3 represents 
crjstalline sodium pcmcillm G of practically 100 pci cent puiity as regards 
both total pemcilhn and pemcilhn G The minimal value at 280 m/i and 
the low" peak at 320 m/x indicate the absence of pemcilhn degiadation prod- 
ucts Curve 2 lepiesents a ciystalhne sodium pemcilhn G m which de- 
composition has occuned, uid the higli optical density values at 280 and 
320 m/x attest this 

The per cent sodium pemcilhn G, as mentioned m this paper, refers to a 
ratio of the amount of this species divided by the amount of total pemcillin 
present The value thus obtamed, when consideied in companson with the 
per cent of total pemcilhn present, as determmed by the polanscopic assay, 
may be used to find the pei cent of pemciUm G m the sample 

Procedure B — The sample w"as prepaied foi polanscopic assay in exactly 
the same manner as m Pioceduie A A somewhat laigei sample was used 
m this case because two different ammomum sulfate precipitations weie 
performed Total pemcilhn was deteimmed as m Pioceduie A and one- 
half of the solution w’as converted to ammomum salt exactly as previously 
outhned The othei half of the solution was tieated with 2 1 gm of puie 
ammomum sulfate and 1 diop of 3 per cent ammomum hydi oxide for each 
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5 ml This mixture was cooled to —5° r\uth stirring and held at this 
temperature for 1 hour The ammomum penicilhn was filtered and washed 
as before and then total penicilhn on both precipitate and mother liquor 
was determmed The two purified ammomum salt solutions were diluted 
to 1 8 mg per ml on the basis of the polanscopic assay and the difference 
m optical density detei mined as desciibed under Procediue A Con- 
sideration of the different values for the percentage of pemcilhn G in the 
total pemcilhn ammonium salts compared with the jield from the crude 
pemcilhn mil enable one to extrapolate with reasonable accuracy to give 
the correct per cent of sodium pemcilhn G m the sample 

Notes — ^The method of extrapolation gives results of sufficient accuracy 
for the more crude penicillins For example, pemcillm of 1000 umts per 
mg , shown m Fig 4 (Cuiv^e 4), gave a 62 per cent yield of total ammo 
mum pemcilhns, of which 88 per cent was peniciUm G, when the concen- 
tration of ammonium sulfate was 30 per cent (18 gm added to 5 ml) 
When this same sample was precipitated at 34 per cent ammonium sulfate 
concentration (2 1 gm added to 5 ml ), the pemcillm G content was deter- 
mmed as 90 per cent and the yield of pemcdlm was 74 per cent Then 
the per cent of pemcilhn G was plotted against the per cent yield for ammo 
mum pemcilhn From experience with samples of somewhat higher po- 
tency, from which several points on the curve hav e been obtamed, this was 
assumed to be a straight hne function Theiefore, on drawing a straight 
Ime through the two points at 88 and 90 per cent, w e find the value of 
94 per cent for the theoretical 100 per cent recovery 

DISCUSSION 

The method as outhned m this report has been for the determination of 
sodium pemcillm G in sodium pemcillm mixtures It is obvious that by 
usmg other salts as standards, the method may be apphed to any salts ot 
pemcillm wherem the base radical has no absorption which mterferes m the 
260 to 280 mjx range Moreover, other wave-lengths and other concen- 
trations of ammomum sulfate may be used if desued Variations wuU be 
apparent to any worker who applies the method to his particular problem, 
and further information about the sample may be gamed by determining 
values at additional points The method reported has been used routme y 
for several months m this laboratory and is felt to be extremely accura e 
on high quahty material, even with amoiphous pemcilhn havmg a potency 
of 900 umts per mg the accuracy is about ±3 per cent 

SUMMARY 

A polariscopic-ultraviolet absorption method, mcludmg an ammonm 
salt precipitation, is described by which pemcillm G may be determine 
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Mitt- of nii\c(l ix'nicillins 'Ihib method is recommended foi white crystal- 
line commcrci d products and for j’cllou amorphous penicillin of potency as 
low as 900 units per mg 
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'I HE PERU' IC VTION OF IIISTUIINE FOR BIOASSAY* 

TLO'iD C MclMIRL', L \V ROril, ^m) J L SJIAVV 

(/■rout l/iL Dcpiir/iiicn/s of Diochcinittnj and Pliarmucohuy, IbboU 
licicanh Laboratories, Korlh Cliicaijo) 

(I?tCLi\Lcl for publication, June 17, 1917) 

Ihc punficUion ot lubtiininc foi asbiy pmposos has been the subject 
of reports by se\eial in\ cstigators (1-9) The available methods aie 
not readily ipplic iblc to large numbeis of samples, especially when there 
IS less than 2 y of histamme per sample The ultrafiltiation method of 
Emmelm probablj is the least objectionable from the standpoint of time 
consumed and equipment lequircd, but this method has yet to be tested 
tlioroughl}', and one should suspect that its selectivity for histamme may 
be inadequate m some cases 

The purpose of this publication is to present a new method for the puri- 
fication of histamme which is very suitable foi apphcation to large numbers 
ot samples and which piomiscs a high degree of selectivity The essential 
teatures of this method aie as follows An aqueous, lustamme-contaimng 
extract from tissue is extiactcd with «-butanol under conditions such that 
nearly all the hist imino is iemo\cd from the aqueous phase in one extrac- 
tion The histamme is lecovered from the butanol by means of a new 
cation exchange medium, cotton acid succinate The Instamme is eluted 
from the cotton acid succinate with a small volume of dilute hydrochloric 
acid and the eluatc is neutiahzcd wntli sodium liydi oxide to give an isotonic 
solution suitable foi bioassay 

Effect of pH and Salt Concentralton on Dislrihidwn of Htslamine between 
Water and Butanol — Tiic fiist step m the development of this histamme 
punfication proceduie W'os to find a simple extinction piocedure by which 
histamme could be separated from most of the othei constituents of an 
aqueous extract ot biological ongin We found that the distnbution of 
histamme between w'atei and butanol at a high pH could be shifted m 
favor of the butanol by the addition of a watei -soluble salt to the system 
Experiments were then set up to determme quantitatively the effect of 
both pH and salt conceiitiation Of seveial salts which were mvestigated, 
sodium sulfate w as finally chosen because of its high watei solubility, etc 

The data of Fig 1 show the distnbution of Instamme between butanol 
and w'ater (a) as related to sodium sulfate coiicentiation m the aqueous 
phase at an optimum pH, and (6) as related to pH at an optimum or near 

* PrehmiDary report presented before the Federation of American Societies for 
Experimental Biologj , Chicago, May 20, 1947 
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optimuin salt concentration These data show the per cent of histamine 
in the butanol phase at equihbnum when the water and butanol phases 
are at equal volumes The data are expiessed in this manner rather than 
m terms of distribution coefficients in oidei to show more clearly the pla- 
teaus in the distnbution curves The per cent of histamine which goes 
mto the butanol phase changes very shghtly inth salt concentration above 
about 22 per cent oi isath pH above 12 5 
In the routine procedure, described later, a mixture of sodium sulfate 
and trisodium phosphate is employed to yield an aqueous solution of about 
22 5 per cent (weight to volume) sodium sulfate and about 3 per cent (0 17 
m) trisodium phosphate, with a pH between 12 5 and 13 The salt mucture 
dissolves readily and produces optimum conditions for the extraction 



Fio 1 The effect of salt concentration and pH on the distribution of histamine 
between water and butanol 


The distnbution of histamme betiveen watei and 7i-butanol, isobutanol, 
tertiary butanol, n-amyl alcohol, and isoamyl alcohol was uetermuied at 
pH 13 and 25 pei cent sodium sulfate concentiation n-Bu'/anoI proved 
to be the alcohol of choice 

Recovery of Hislamine from Butanol Solution by Means of Cotton Aci 
Succinate — ^FoUowmg the development of conditions tor the extraction o 
histamme from aqueous solution by means of butanol, a sunple quanti- 
tative method of recovering histamme fiom the butanol was desired ohc 
a procedure should yield, ivith a mmimum of mampulations, an aqueoi^ 
solution of physiological salt concentration which is free of orgamc solven 
and m which the histamme is sufficiently concentrated for bioassay 
haps the simplest procedure to satisfy these requiiements would be 
removal of histamme from the butanol by means of a cation exc nge 
medium, or an adsorbent, from which the liistamme could be eluted eas ^ 
with a small volume of an aqueous solution The available cation exc ang 
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media and liistammc adsorbents were investigated Several materials 
of both classes would remo\c histamine quantitatively fiom butanol, 
but the rcco\cr\ of hist iininc was \cry unsatisfactoiy in all cases 
^ Finillv, cotton icid succinate (hcicinafter abbieviated as CS) was 
del eloped especi-dli for this procedure This matenal has the gross me- 
chanic d properties of cotton It is produced bj estenfying with succimc 
anhjdnde onl\ a friction of the fiee lijdio\jls of cotton For every 
hjdrowl group estenfied, there is a free carboxyl which can function in 
cation exchange reactions When a butanol solution of histamme is 
filtered through a small pad of CS, the histamine is quantitatively removed 
from the butanol Ihe CS can, without loss of the histamine, be washed 
w itli water until free of alcohol The histamine can then be quantitatively 


Tvblb I 

Ricoccry of Hialamtnc from Water and Butanol Solutions hij Means of Cotton And 

Succinate (CS) 


1 

SoKenl 

1 

Ongmal histamine 

la CS filtrate 

In CS eluaCe 

i 

per cent 

per cent 

^\atcr* 

0 6 

102 

1 

0 3 ! 

104 

Butanolt 

1 2 i 

97 


1 4 1 

97 


• 5 cc of aqueous Uistarmne, SO 7 per cc , 0 014 M Na:POi 
t 5 CO of butanol, 67 7 of Uistamine per cc 


eluted from the CS with a small volume of dilute hydrochloric acid The 
concentration of hydrochlonc acid may be chosen so that neutralization 
with sodium hydroxide will yield an aqueous isotonic solution which may 
be assayed biologically foi histamme 
The data of Table I illustrate the recovery of histamme from w'ater or 
butanol solutions by means of CS The solutions w'eie filtered through 100 
mg CS pads The pads weie washed w'ell and then eluted with 1 cc of 
0 4 N hydrochlonc acid, followed by 1 cc of watei In these experiments, 
a chemical determination of histamme w'as employed The data show 
that the recovery of histamme by cation exchange on CS is quantitative, 
w ithm the accuracy of the histamme detenmnation 
Detailed Procedure for Purificahon of Htstarmne in Blood Plasma — ^Thus 
far this procedure for the purification of histamme has been apphed only 
to free bistamme in animal blood plasmas The details of the procedure 
are as follows 

1 In glass-stoppered test-tubes place 2 cc of plasma, dilute to 4 5 cc 
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With saline and add 1 2 gm of a salt mixture contaimng 6 25 gm of an 
hydrous sodium sulfate to 1 gm of trisodium phosphate monohydrate 
Stopper the tubes and shake thoioughly 

2 To each test-tube add 5 cc of butanol, shake \agorously for a fex 
seconds, let stand a few minutes and then shake briefly to break the piotea 
gel Shake vigorously in a mechanical shakei for i houi and then cen 
trifuge at about 2000 r p xi foi 15 to 20 minutes m a No 1-SB International 
centrifuge with a No 240 head 

3 Tiansfer4Gcc of butanol solution from each test-tube to a CS tube 
(Fig 2, B, and Fig 2, C) which contains 100 mg of CS packed tightly in 



Fig 2 A, special holder for shaking glass-stoppered test-tubes (the 
center, and top plates are made of } inch aluminum plate, the sides are of / 
inch aluminum plate) , B, CS tube with 100 mg CS pad, C, glass weight which res s 
on CS pad to keep it firmly packed, D, pipetting bulb arrangement 


the 6 mm tube at the bottom On account of the protein pad whic is 
packed between the two hquid phases duimg centrifugation, the 
transfei of the butanol phase to the CS tube xxould be difficult, an 
cc of butanol aie nearly all that can be taken conveniently and coDSijr 
tently The total volume of the butanol phase is 5 54 cc , therefore on^^ 
83 per cent of the histamme xvhich goes mto the butanol phase is trans erre 
to the CS tube The tiansfei of exactly 4 6 cc of butanol is 
veniently accomplished by means of a serological pipette (cahbiate 
tip), to which IS fitted a rubbei bulb with a bead xalve (Fig 2, D) 
bulb IS attached to the pipette, the bead valve is opened and the « 
exhausted The bulb serves as a “vacuum reservoir” which niH 
liquid up into the pipette The amount of liquid dravra up is eas y 
lated by the bead valve 
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} Vftor the but mol has passed through tlio CS pad, wash the CS tube 
md p id with 3 cc of 93 per cent ethjd alcohol, followed bj’- 3 co of water 
B\ me nib ot a stirring rod, letuove the hst drop of watei fiom the tip 
of the CS tube PI ice i ‘-m ill test-tube or \ lal graduated to 2 5 cc under 
the tip of the CS tube atul elute the hist iminc with 1 ct of 0 4 N h 3 'dro- 
lIiIoik md, lollowcd b\ 1 cc of w itci Xeutiahze the eluate with 0 5 
Lc ol 0 S N ^odiuin hjdioMile iiul adjust the \ oluine to 2 5 cc if necessary 
Ihis solution nnj be is-ued biologitalh for histimine wathout fuither 
111 uiipul itioii 

Tor the purification ot lirge numbers of samples, the following time- 
-uing deticcs m i\ be emplo\ed 

In Step 1, i -m ill metal cup ma\ be used to measuie the 1 2 gm aliquots 
af - dt mixture Shglit deiiations fioin the specified quantitj' of salt 
mixture are not of significant consequence 
For Step 2, a 5 cc Michlett automatic pipette was used m measunng 
aut the butanol A speciil rack was built (Fig 2, /I) in which 50 glass- 
itoppercd test-tubes could be clamped securely during the mechanical 
■liaking This rack w as clamped fiimly in a precision equipoise heavy duty 
•Inker, so that the tubes w ere lying lengthwise w ith the stioke of the shaker 
riie glass stoppered tcat-tubea weie of the following specifications Pjuex, 
10 to 10 5 mm outer diameter, 126 mm ovei-all length, 104 mm length 
!,iclow the joint, standard taper 13/14 flat stoppers with the stopper head 
IS mm in diameter With tubes so designed. No 356 metal cups with 
N'o 355 thiee place truumon carriers ma> be used in the centrifugation 
'step 2) It has been found adiisable to coat the test-tube stoppeis with 
i thin film of vaselme before each expeiiment 
For Steps 3 and 4, 50 Cb tubes have been used simultaneous!} The CS 
mbes may be used almost indefimtelj without changing the CS pads if 
mitable piecautions aie taken The CS pad must not be tieated with an 
ncess of strong bases in aciueous solution, it should be washed thoioughly 
ith wmter and then w ith 95 per cent alcohol immediately aftei each experi- 
nent 

ith the equipment specified, one technician can purify the histamine 
rom 50 plasma samples in 3 to 3 § hours 
Distnbution studies in which histamine was determmed chemically 
ndicate that 93 3 per cent (average value) of the total histamme goes into 
;he butanol phase m Step 2 Of this, 83 pei cent is transferred to the CS 
lad in Step 3 With a 100 per cent recovery of histamme from the butanol 
)y means of CS, the over-all yield of this procedure should be 77 4 pei cent 
)f the onginal total histamme This figure can be mcreased to 95 per cent 
)y the use of two butanol extractions instead of one (repeatmg Steps 
I and 3) 

Table II shows the recovery, with one butanol extraction, of a known 
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quantity of pure histamine which had been added to rabbit, guinea pig, 
and dog blood plasmas For these data the cat blood pressure assay for 
histamine was employed This assay was performed on cats anesthetiiec 
with a phenopentobarbital mixture Samples and histamme standard! 
n ere admimstered na the femoral vem mth the blood pressure recorded 
graphically from the carotid artery Standardization was achieved by the 
mjection of histamine m doses of 0 1 to 0 3 7 until reproducible blood 
pressure drops were obtamed The fall m blood pressure produced by 
each sample was compared with histamine standard doses interspersed 


Table II 



throughout the experiment, and mtermediate values were mterpola 
The accuracy of this method averages mthm ±10 per cent 
The data of Table II suggest that the above punfication procedure^ 
highly selective for histamine There was no histamme activity extra 
from the hepannized dog plasma “blanks ” The small amount 0 ^ 

tamme extracted from the rabbit plasma “blanks” represents only 
per cent of the total histamme found m rabbit blood (2) 
occasions we have found, by means of the isolated gumea pig ' 

stnp, that the histamme activity extracted from heparmized ^ 
could be nulhfied by small quantities of antihislamme drugs 
of histamme extracted from gumea pig plasma is approxunate y 
to the total histamme of gumea pig blood (2) Smce m tjie 

hemolysis had occurred before the blood cells were separate r 


MCIMIUL, UOin, \ND SH \W 


543 


platnn, it might be expected tint the plasma would contain nearly all 
ol the blooil hibt inline 

'iliib procedure c in be iii'ide oven moie selective for histamine by extrac- 
tion of the pi I'-mi fubt with cthei and then with butanol The ether e\- 
trict would contain no hist imine iiid should not be fdlcred through the CS 
pad Mill} drugb (anunes), which might interfere wuth the histamine 
assay, ire extr icted from w ilei bj ethei undei these conditions and may 
thub be ^epirated from hist imiiie 

Materials and Methods 

'Ihe but mol, anhjdious Na^SOi, and NaaPO^ IliOwere of leagent grade 
Ihe XajPOi HjO was obtained bj'dijnng leagent grade NaaPOi I 2 H 2 O at 
100° for IS hours, then it 300° foi 2 to 3 hours The salts were finely pow- 
dcicd iiid mixed m a latio of G 25 gm of NasSOi to 1 gm of NajPOj H 2 O 
In the btud\ of Inst imnie distiibution betw een w atei and butanol as related 
to pll, phosphate buffers wcie used to obtam solutions of pH 10 5, 11, 11 5, 
and 12 (10) For pll 12 5 unbuffeied solutions w'eie made to 0 03 n with 
sodium hydroxide, foi pll 13 0 1 N sodium hydioxide solutions were used 

Cotton acid succinate w’as piepaied as follows Fused sodium acetate 
(5 gra ) and succuue anliydride (40 gm ) were dissolved m 300 cc of glacial 
acetic acid Cotton (10 gm ) w'as immersed in this solution, a drymg tube 
was attached to the flask and the tempeiatuie was mamtamed at 100° 
for 48 hours The partially esterified cotton was filteied oft, washed well 
with water, dilute hydrochlonc acid, watei, and finally with alcohol The 
product was dned in a vacuum ov en 

The chemical method used foi histamme detennination was a modifica- 
tion^ of the method published by Baraud (11) 

SUJUIARY 

A histamine purification procedure has been given m detail By this 
procedure free histamme may be punfied foi bioassay qmckly and m good 
yield The method is paiticulaily designed for the purification of a large 
number of samples at one time 

The authors are grateful to Muriel Sproull for techmeal assistance and 
to William Campbell of the Engineering Department for the illustrations 
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HIE BIOI OGICAL S'i'XTIIESIS OF lEVDIOACTIVE ADRENALIN 
FROM PHENYLALANINE 

Ih SVMLELGLRIV \\d VDELVIDEM DELLUVA 

{hrom (/it Dcparlv\i,ui of Phwiwlogical Chcinistn/, School of Medicine, Unncrsily of 

Pcnnvjhanta, Philadelphia) 

(Rtrei\c(l for publication, June 21, 1947) 

.Uthough there is indirect c\idence that tjTamine (1, 2), phenylethyl- 
amine, and phenj lalanine (3) may be converted to adrenalm by surviving 
slices of atlrenal medulla, the mechanism of these conversions is still obscure 
^ met (i), while denjnng that tyramine is a biological precursor of adrenahn, 
w as ne\ ertheless able to demonstrate that the same tissue is able to convert 
/3-(3, i-diIijdro\j’phen}l)-etliylamine to adrenahn 

Although there is no direct evidence that /3-3,4-dihydro\yphenylalamne 
IS a normal metabolite in manmials, neveitheless there is a considerable 
body of e\idonce indicating that kidney (5), liver (6, 7), mtestme (8), and 
pancreas (9) contain cnzjTne systems capable of convertmg this ammo acid 
to its corresponding anune iMedes (10) has reported the recovery of 
^-3,4-dihj"dro\yphen}lalamne from unne when large amounts of tyrosme 
were admimstered to an mdmdual with tyrosinosis 

In order to study the metabohe steps invoHed m the biological formation 
of adrenahn, radioactive nn-phenylalamne was synthesized and adminis- 
tered to rats with the hope that it would be possible to demonstrate its con- 
version to adrenahn in the intact ammal 

EXPERIMENTAL 

Phenylalanine Labeled wilh W — 2 0 gm of oL-phenylalamne were heated 
for 0 days at 50° with 8 5 gm of 84 per cent sulfunc acid made from SO3 and 
TOH For the separation of tntium-labeled phenylalanine the procedure 
of Moss and Schoenheimei (11) was employed 1 8 to 1 9 gm of le- 
crystalhzed product w'ere recovered 

Analyses for tntium were carried out wuth a Geiger tube which could be 
evacuated and filled with the gas sample A standard mixture contaimng 
helium (60 mm ), alcohol vapor (10 mm ), and hydrogen (10 mm ) was em- 
ployed The instrument was cahbrated with tntium prepared from 
standard solutions of TOH of known radioactivity For analysis of orgamc 
compounds, oxidation by heatmg with CuO was employed The evolved 
water was frozen and converted by means of metallic sodium at low tem- 
perature to hydrogen, which was then admitted mto the Geiger tube 
The counts weie calculated m terms of counts per mmute per mole of 
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compound The eiror m\olved m the estimation is approximately 15 
pel cent 

Phtnylalanine Labeled with — Foi the synthesis of phenylalanine 

labeled wth m the a- or carboxyd carbons, doubly labeled glycme was 
prepared 10 gm of radioactive barium carbonate (contammg a total 
radioactivity of 1 2 X 10^ counts per minute) were converted by way of 
barium carbide and acetylene into doubl}" labeled acetaldehyde (12) 
The acetaldehyde w as oxidized by shakmg wnth silver oxide to acetic acid, 
which w as recovered by acidification and steam distillation The over-all 
yield of sodium acetate recovered by neutralization and evaporation was 
40 per cent The sodium acetate w'as diluted with 3 tunes its weight of 
non-radioactive sodium acetate and the product converted to doubly 
labeled ethyl bromoacetate (12) By condensation with potassium 
phthalimide followed by subsequent hydrolysis, doublj’’ labeled glycme was 
prepared (12) The glycine was converted to hippunc acid and condensed 
mth benzaldehyde, yielding the azlactone (72 per cent yield) which was 
then converted with P and HI (13) to phenylalanine (69 per cent yield) 
The reactions mvolved are as follow s 


* * * or ^ ** ** * * 

BaCOj -> BaC. HC = CH -> CH, CHO -» CH, COOH BrCH COOC-A 


NH.CH COOH 


0COXHCH COOH 


^ ;iCH*CHNHC00H 


azlactone synthesis 


Radioactivity measurements w'ere made with a thin mica window Geiger 
tube employing BaCOs plates Orgamc substances were oxidized by the 
method of Van Slyke and Folch (14), and the exmlved COj wras trapped m 
saturated Ba(OH )3 solution The washed, dned BaCOs was converte 
into a smtable plate, as described elsewhere (15), and measured 1 ® 
actual counts were corrected to the numbei of counts given by a plate o 
mfimte thickness (16) and calculated as counts per mg of carbon per 
mmute From this value the counts per mole of carbon per minute were 
calculated 

Animal Experiments with Tritium — ^Tritiophenylalamne w'as fed as 1 per 
cent of the stock diet to a 150 gm rat for a period of 10 days The weig ^ 
of phenylalanme consumed was 0 9 gm The animal was anesthe^e 
with amytal and the adienal glands were removed and promptly groun 
with 2 N acetic acid contammg SO 2 50 mg of non-radioactive adren 
were added as a earner The suspension was heated for a few nun 
90°, chilled, centnfuged, and the supernatant fluid and washes 
in vacuo under N* to dryness The temperature wms maintamed 
The residue was extracted several times -with.a few ml of ethano , c 
fuged, and the solution concentrated in vacuo under Ns to dryness 
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residue u, dissoh al m inimm il dilute icetic acid containing SO2 and the 
solution 111 ide ilkaline witli XII3 Aftci chilling foi soveial hours, crystal- 
line idrcii din \\ is centrifuged iiul iccijst ilhzcd thice times by solution in 
►acetic icid tollowed lii ilUdi/ition with NII3 30 mg of colorless 
cristillinc idicn ihn weie iccoveicd, m p 205-200°, mi\ed m p 205-205 5° 
line orrcc ted [a]u = —51 0° (1 pci cent in 0 1 x IICl containing SO2) 

Lxpi)imcu(^ on \nu)iaL wi(h C'^-Labtlcd Phenylalanine — Three expen- 
ment-i were run witli C'*-I ibelcd plieni lal mine In the first experiment, 
three 100 mg poitioiia of phenj 1 il uiiiie (total 300 mg) m dilute alkali 
(pll S 5) were injected mtiapciitone illy at 2 hoiii intervals into a 250 gm 
rat G hours liter the first injection the animal was anesthetized wath 
imjtil ind the idrcinls lemoaed 50 mg of non-radioactive adrenalin 
weio added as a carrier and the isolation of vdicnalm peifoianed as described 
abo\e 30 to 35 mg of idrcuahn weie recovered after three recrystal- 
lizitions, mp 205 5-20G°, mixed m p 205 5-206° uncorrected [ajo = 
-50 1° 

In the second experiment, a smgle injection of 100 mg of isotopic phenyl- 
alanine w as gi\ en The animal w as anesthetized 24 hours later and adren- 
alin isolated m the usual manner In this case 35 mg of adxenahn were 
used as a earner and 20 to 25 mg recovered after three recrystallizations 

In the third experiment, tw'O rats weighmg 150 to 200 gm each were 
injected once dailj’’ for 3 days wath 100 mg of radioactive phenylalamne 
Each rat received, thercfoie, 300 mg of isotopic phenylalanine On the 
4th day the rats were anesthetized, the adrenals combined, and 50 mg of 
adrenahn added as the earner After three lecrystalhzations 30 to 35 mg 
of adrenahn were lecovered In this isolation, 10 to 20 mg of non-radio- 
active phenylalamne were dissolved in the acetic acid used for the third 
recrystalhzation of the adrenalin The adienahn was precipitated with 
XH3 and a fourth recrystalhzation performed in the presence of added 
non-radioactive phenylalanme, mp 205 5°, mixed mp 205-206° uncor- 
rected [q:]d = —50 8° 

In order to be certain that the isolated adienahn was not contammated 
wath traces of radioactive phenylalamne, a control expenment was per- 
formed 10 mg of phenylalanine labeled wath weie mixed with 50 mg 
of non-radioactive adrenahn The mixture was dissolved in 2 n acetic 
acid and the adrenalin precipitated with excess ammonia The adrenahn 
was recrystalhzed in the same way two more times The product contained 
no demonstrable radioactivity 

Results 

In Table I are listed the results obtained with the animal to which 
phenylalanme labeled with tntium had been administered The recovered 
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adrenalm was significantly radioactive, despite the large dilution resulting 
fiom the addition of 50 mg of cainei adrenalm to probably no more than 
0 2 to 0 3 mg of endogenous adienabn 

The adrenahn samples recovered after the administration of pheny’- 
alamne labeled with were either veij’' weakly radioactive or border line 
(Table I) As a further check on the radioactivity of these preparations, 
they were submitted to oxidation wuth a shght excess of periodic acid m 
2 5 N H 2 SO 4 In strong mineral acid, the formation of the usual led onda 
tion products is mimmal After standing 4 hours, formaldehyde was 
steam-distiUed and absorbed in cold alkahne hypoiodite After acidifica- 


Table I 

Results oj Adminislrahon of Trilinm-Lahclcd and C^*-Lahcled Phenylalantnc* 


Tritium experiment 

H» counts per mole ptr mm 

Administered tntiophenylalanine 

Body water (blood) 

Recovered adrenalin 

7 X 10* 

2 X 10® 

1 2 X 10* 

C'< esperunenis 

Cl* counts per molt 

C pet mm 

Administered phenylalanine (a carbon) 

Recovered adrenalin, Experiment 1 

Formic acid C from adrenalin, Experiment 1 

Recovered adrenalin, Experiment 2 

Formic acid C from adrenalin. Experiment 2 

Recovered adrenalin. Experiment 3 

Formic acid C from adrenalin, Experiment 3 

4 4 X 10* 

3 0 X 10* 

3 7 X 10* 

4 0 X 10* 

1 7 X 10* 

2 0X10* 

1 3 X 10* 


* All counts are excess counts corrected for background 


tion and removal of excess I 2 wuth Na 2 S 203 , the resultmg formic aci 
oxidized by boihng under a reflux ivith meicunc acetate in weak acetic aci 
The evolved CO 2 was trapped in banum hydroxide solution and teste 
radioactivity Essentially all of the radioactivity was found to be pres 
m the formic acid carbon No ladioactmty could be detected m 6 
mainmg carbons 


‘\/OH 

OH 



OH NH(CH)3 


HIO 




CH20 


hcooh 
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DISCUSSION 

Ihitc* rc'Ult') iiulu ito tint phcm 1 il imne is i precuisor of adienalin 
Tlic loc ilion of tlie C" m tlie isol itetl uheinliii demonstrates that, m addi- 
‘{'on to die irliowl ition, tlie side ihaiii remains ittached to the benzene 
nucliub ihinng the biologic il s^ nthesis of idien din 

Cir CIIXII COOH > X— CHOHCH NHCIb 

U 

oil 

1 heso results suggest that the biosimthesis of adrenalin is not brought about 
b\ a condensation of benzaldehyde or p-hydro\'ybenzaldehyde mth sar- 
cosinc, as suggested by Rosenmund and Dornsaft (17) 

The tntium content of the adrenaUn recovered m the first e\periment is 
higher than one would predict on the basis of dilution with earner adrenahn 
and simultaneous loss of 4 out of the o tntium atoms of the benzene nucleus 
These results suggest that eitlier adienahn turnover is rapid and the gland 
utilizes circulating phenylalanine or tyrosine efiiciently, or that some tnt- 
ium may have been present in the side chain and n as partly retamed dunng 
the conversion to adrenalin The possibihty exists that more than 1 
tntium atom remains attached to the aromatic nucleus during this biosyn- 
thesis The latter suggestion is rather surprismg if one assumes that an 
orthoqumone is an intermediate in the formation of adienahn from phenyl- 
alanine or tyrosme However, Anchel and Schoenheimer (18) have re- 
ported a somewhat analogous situation m the case of deuteriocoprostanone 
labeled with deuterium on carbons located a to the ketone group When 
this matenal wms administered to a man, coprosterol isolated from this 
individual contained appreciable amounts of deuterium 

Fiom a quantitative pomt of view the results obtained m this series of 
experiments are not significant, since the radioactivity of the adrenahn was 
very low The formic acid denved from the adrenahn samples was, how- 
ever, considerably more radioactive Quahtatively, it seems quite clear 
that the recovered adrenalin was radioactive and that the ladioactivity is 
localized entirely in the terminal carbon of the side cham 

W'^e wish to acknowledge our indebtedness to the David, Josephme, and 
Winfield Baird Foundation foi financial aid and to express our thanks to 
Dr Allen F Reid for advice and help wnth the measurements of radioactivity 
Our thanks are also due the American Cancer Society for financial aid 
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StnVIJCARY 

DL-Phenylalarune labeled with C^‘ m the carboxyl oi a-carbons was 
synthesized from doubly labeled glycine Upon admmistiation to rats, 
this substance was conveited to ladioactive adienalin which could hr 
recovered by the addition of non-iadioactive adienahn as a earner to 
extracts of the adienals The lecoveied adienalin was radioactive and 
found to contain localized in the tenninal carbon of the side chain 
Tiitmm-labeled phenylalamuc is smnlaily conveited to adrenalin The 
evidence suggests that the biological conver&ion not only mvolvea de 
carboxylation of phenylalanine oi one of its deiu atives but that the result- 
mg ammo ethyl side cham remains attached to the benzene nucleus dunng 
the biological synthesis of adien ihn 
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FR ACTION VTIOX, ELECrROPIIORESIS, AND CIIEMICA.L 
STUDIES OF PRO FEINS IN SERA OP CONTROL 
VXD INJURED DOGS* 


Bt ERIAND C GJESSIVG, STEPHAN LUDEWIG, and ALFRED CHANUTIN 
(hrom the Biochemical Laboratory, Umicrsihj of Virginia, Charlottesville) 
(Reccncd for publication, June 9, 19-17) 

The occurrence of unusual configurations m the electrophoretic patterns 
of plasma of experimental animals (1) and man (2) after injury and disease 
IS of mtercst In those conditions accompanied by trauma or destruction 
of tissue, the a-globuhn concentiation increases The present investiga- 
tion IS an ittempt to determine the t 3 ''pe of proteins responsible for the 
abnormal patterns seen in dogs after injurj’’ by vesicants, thermal injury, 
and turpentine 

Cohn and his associates (3) described methods for fractionating plasma 
proteins b 3 using varjang concentrations of ethanol at different hydrogen 
ion concentrations, lou ionic strengths, and low temperatures These 
procedures are valuable in concentrating and punfymg plasma proteins 
Advantage is taken of these new techniques to aid in the identification, 
purification, and chemical analysis of the proteins present m the sera of 
control and injured animals 

Methods 

Animals were injured with sulfur mustard, turpentine, and heat according 
to procedures previously described (1) The experimental dogs were 
anesthetized with sodium pentobarbital and exsanguinated from a cannula 
m the femoral artery The blood was collected m centrifuge bottles and 
was allowed to stand at room temperature untd the clot was well retracted 
The serum was withdraw n immediately after centrifugation An attempt 
was made to process the serum immediately but if this was impossible it 
was frozen and stored Before the frozen serum was used, it was allowed 
to thaw slowly in a cold room at 2-5° 

A well insulated stainless steel tank contaimng 75 gallons of 30 per cent 
alcohol was used for maintammg low temperatures durmg the processmg of 
sera and supernatants The temperature of the alcohol-water imxture was 
usually mamtamed at — 5° and the fluid was kept circulatmg by means of 
a large stirrer Centrifugation was carried out between 0° and —10° in 

* The work described in this paper was done under contract between the Medical 
Division, Chemical Corps, United States Army, and the University of Virgima 
Under the terms of this contract the Chemical Corps neither restricts nor is re- 
sponsible for the opinions or conclusions of the authors 
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eithei a large capacity Sen all angle centiifuge (type G/1), a high speed 
Sen^all angle centnfuge (type SS-1), or m a motoi-dnven Sharpies cknfier 
centiifuge, m which all parts coming in contact wth solutions were of 
stamless steel The centiifuges were opeiated m constant temperature 
cabmets, and the temperature iias registered on a Broivn contmuous 
recorder 

Fractionation of sera and supernatants was performed m stainless steel 
beakers These containers iieie suspended m the bath by means of ngid 
supports and the solutions -were stirred by vanable speed motor-dnven 
stamless steel stirrers The volumes of seia were measured at room tem- 


perature and supernatants at —5° No coirection was made for volume 
changes due to temperature The ethanol concentrations of the solutions 
were adjusted b}'" eithei 53 3 or 05 per cent ethanol The ionic strengths 
of the solutions vere adjusted by adding calculated amounts of sodium 
acetate-acetic acid buffer (3) or molar sodium chlonde separately or dis- 
solved m 53 3 per cent ethanol Whenever the fraction was dissolved 
m water or sahne for fiactionation, the sol\ ent was first brought close to 
the fieezmg point Ethanol, ethanol-buffer, ethanol-NaCl, or salt mix- 
tures were equihbiated to low temperatures m narrow necked graduated 
cylmders immersed m the bath and weie added to the serum or the super- 
natant at the rate of 20 to 30 ml per minute through a siphon by means 


of a constant an pressure 

The pH of the solutions was usually adjusted with an acetate buffer 
of pH 4 0 and an ionic strength of 0 4 The successive steps m most frM 
tionation procedures require mcreased hydrogen ion concentrations to 
determme the amounts of buffer to be added, a few ml were titrated nit 
an acetate buffer of pH 4 0 with an ionic strength of 0 016 Molar sodium 


bicarbonate was used w^henever the pH wms to be mcreased 

Immediately aftei the precipitation of a fraction, an ahquot was is 
solved m a barbiturate-NaOH buffer (pH S 6, lomc strength 0 1) un 
was dialyzed against 2 liters of this same buffer for 3 days at 2-5 ^ 

trophoresis was earned out in the Tisehus apparatus accordmg to 
worth’s modification of the schheren method (4) A long single ° 
cell of 11 ml capacity was used Electrophoresis was usually allowe 
contmue for 7200 seconds at 2° with a potential gradient of 5 to 8 vo 
cm The mobihty calculations weie based on the distance from t ® 
effect peak (5) to the peaks of the respectiv e components The descen 
pattern w'as used for computmg mobility, but in some instances i 
necessary to use the ascending pattern iMeasuremen ts made rom^ ^ 
mitial boundaries could not be used because of the large vana i 


values 


Protem fractions, dned to constant weight over P2O5 ’ 
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extracted by two difTerent procedures for the analysis of total lipide C (5), 
tot \1 and free cholesterol (G), md phosphohpide (7) Procedure I involved 
two extrictions with an ibsolute cthanol-oth 3 d ether mixture (1 1) under 
^reflux Because of poor jields in fractions ha\ang low lipide contents, it 
was suspected that the boiling temperature (about 40°) of the extraction 
muxture was too low Satisfactory extraction of total lipide C, total 
cholesterol, and phosphohpide was obtained by first extracting the dried 
protein with absolute ethanol for 12 hours under a reflux, which was fol- 
lowed by a second extraction with an absolute ethanol-ethyl ether muxture 
(1 1) (Procedure II) Further investigation indicated that the free choles- 
terol vilues were too low b} this lattei method The proceduies recom- 
mended for the determination of free and total cholesteiol in plasma by 
Sperry (G) were adapted to the wet fractions (Procedure III) The data 
are expressed m terms of drj weight 

Cholesterol was converted to cholesterol carbon wath the factor 0 839 
The fatty acid bound to cholesterol was estimated by multiplying the 
ester value by 0 67 and its carbon content was obtained by multiplymg 
by 0 759 Phosphohpide phosphorus was converted to phosphohpide by 
using the factor 23 7 and the carbon w'as obtained by multiplymg by 0 648 
Hexosamme w'as determmed in a number of fractions by adaptmg the 
method of Palmer, Smyth, and Meyer (8) to the Evelyn coloruneter 
Cholme was determmed on the alcohol-ether extract by Engel’s (9) method 
Total nitrogen was analyzed by the micro-Kjeldahl method 

Results 

Durmg the course of these mvestigations, a large number of mobihty 
data w'ere collected for dog sera The mean values and the standard errors 
for each protem component are shown in Table I and serve as the gmde for 
identifymg the vanous proteins m the isolated fractions 

Four major fractions were obtained from the serum of normal dogs by 
fractionation accordmg to Method 6 described m detail by Cohn and as- 
sociates (3) While studymg the serum of injured dogs it was found 
that two new fractions designated as Fractions IV and IV-4fl were present 
after the subcutaneous injection of turpentme or the apphcation of bis((3- 
chloroethyl) sulfide to the skin All sera were consequently fractionated 
accordmg to the outhne shown m Diagram 1 Electrophoretic patterns 
for five of the six fractions aie shown m Figs 1 and 2, solutions of Fractions 
rV-4 were usually too turbid for analysis 
The data for the percentage distribution of protems m whole serum or 
plasma which were fractionated are presented m Table II An mciease 
m the percentage distribution of the a-globuhns and a decrease m the 
albumin were constantly obseiwed m the sera of these mjured dogs Elec- 
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trophoretic analyses of dog sera were far from satisfactory, smce many 
of the patterns were not clearly defined At times it was necessary t( 
consider a group of protems as a smgle entity 
Each of the mam fractions was fractionated and the methods used (Dia 
grams 1 to 6) and the percentage distribution of proteins (Tables I to Vll) 
are detailed 

Fraction II+III was fractionated according to the procedure described 
by Cohn and associates (10) m their Method 9 and is outlmed m Diagram 2 
The two fractions, Nos II+III-W and III-O, were first precipitated 
and each was subjected to further fractionation Fraction II + III-W 
yielded Fractions III, III-3, II-3, and 11-1,2 Further fractionation of 
Fraction III ynelded Fractions III-2 and III-l Thus Fraction II -j- III-W 


Table I 

Mobihites o} Components tn Whole Serum* 


Albumm 

Globulms 

at 

1 /3i 

Pf y 

Descending boundaries (25 dogs) 

7 2 ± 0 04t 

5 6 ± 0 08 

4 6 ± 0 08 

3 3 =b 0 OS 

1 

2 8 ± 0 08 

1 8±003 

Ascending boundaries (8 dogs) : 

7 8 zfc 0 10 

5 8 ± 0 14 

5 0 ± 0 12 

3 8 ± 0 09 

3 1 ± 0 12 

2 0 ± 0 03 


* In barbital buffer at pH 8 6, lomc strength 0 1, and temperature 2°, expressed 


aa cm * volt"* sec "* X 10"‘ 
t Standard error 

yielded five subfiactions Proceduies developed m this laboratory for frac 
tionating Fraction III-O into two mam subfractions (Nos III-OA an 
III-OB) are outlmed m Diagiam 3 The yield of Fraction III-OA is con 
sistently mci eased m mjured animals , 

Fraction II + III and its subfiactions contamed all of the T- and mos 
of the (3-globuhns (Table III) The small amounts of a-globulm 
albumm present may be due m part to occlusion of the supernatant 
effect of injury on the percentage distiibution of piotems in the 
fraction is difficult to assess because of the large variation m va ue 
the control and experimental animals 

Fraction II-3 is made up almost entuely of |8- and 
percentage distribution of |3-globuhns mcreases m this fraction o „ 
from dogs mjmed by turpentine Fraction 11-1,2 is an electi op 
pure 7 -globuhn in control serum, a small amount of / 3 -globulin is 
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jn the fr iction of the tuipcntinc-injuicd dog A compaiison of the mobili- 
ticb and ol the conditioii'j for precipitation of the 7 -globulms of Fractions 
11-3 ind 11-1,2 indicates that these are probably tA\o distinct proteins in 

Diaqram 1 

Major Fracltonatioii of Scrum 
Scrum 


Ethunol 25%, 
pH C S, 
r/2 0 os 


SupcriulAnt II 1 - III, ethanol 1S%, pH 5 S, Fraction II -h III 

I r/2 0 00 


Supernatant IV, ethanol 1S% , pH 5 1, Fraction IV 

I r/2 0 00 


Supernatant IV 1, ethanol 40%, pH 5 8 , Fraction IV-1 

I r/2 0 09 


Supernatant IV-1, stood at —10° 48 hrs Fraction IV-i 


Supernatant IV-lfl, ethanol 40%, pH 4 8, Fraction rV-4fl 

I r/2 0 09 

I , 

Fraction V 

(1) The serum is brought to a final ethanol concentration of 25 per cent by adding 
53 3 per cent ethanol (2) Fraction IV, when present, is precipitated from Super- 
natant II -f III by first lowering the ethanol concentration to 18 per cent with water 
and then adjusting the pH to 5 8 with acetate buffer and allowing to settle for 8 hours 
(3) Adjustment of the supernatant to pH 5 1 yields Fraction IV-l after standing at 
—5° for 12 hours (4) Fraction IV-4fl is precipitated from Supernatant IV-4 after 
standing in a tall cylinder in the bath at —8° to —10° for 48 hours The flocculent 
precipitate is collected after siphoning off the supernatant and is characterized by a 
loM density In order to obtain a well packed precipitate, it is necessary to centri- 
fuge this material for an hour at 12,000 k p m in a high speed angle centrifuge at —10° 
(5) Fraction IV-4 yields solutions too turbid for electrophoretic analysis 

dog seium Fiaction III-l is composed of /3- and 7 -globiilins Fraction 
III-2 consistently yields solutions too turbid foi electiophoretic analysis, 
but the few available data indicate that it is composed chiefly of a- and 
/3-globuhns 

Fraction III-O is diflicult to analyze mvmg to the tuibidity of the solu- 
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tion From the available data, it may be said that a- and /3-globuliiis are 
the chief components of this fraction 
Fraction IV is obtamed m small amounts from the sera of most of the 
mjured dogs (Table VII) It is composed chiefly of a- and j3-globulina 


S r p a A 


r 5£na. A 


7 fhPOjPL, A 


I j Tii^fliaiA 

I iii A iJLl4JhLl 

SERUM (C) SERUM (T) PLASMA IM) PLASMA O) 


7 ^ a A 

7 A a A 

lii lAi 

n+m (c) n+incM) 


r 0(1 A 



n+m (T) 


i 

H- 3 IC) 

Fig 1 Ascending electrophoretic patterns of dog serum, plasma, and fraotio^ >0 
barbiturate buffer, pH 8 6, r/2 0 1 at 2° C , control, T , turpentine, M , mu® ^ ’ 
B , burned 

(Table IV) Insufficient amounts are available for subfractionation and 
it was combmed with Fraction IV-l for fractionation 

Fraction lV-1 is composed chiefly of a- and / 3 -globulms (Tab e 
the percentage distribution does not appear to be affected by injury _ 
fraction contams a new component havmg a mobility between 6 0 an ^ 

X 10"® This protem is classified as ao and has a mobility between 



H-stT) n-i,2(T) m-KT) in-oB(T) 
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ilbumm iiul ai-globulin Iwo subfr'ictions, Fiactions IV-IA and IV-IB 
(Dngraiu 1), ue toinposcd cliicfly of a-globulms The fast component 
kan doc-5 not ippe ir in the sulifi ictions 

Fraction lV-1 Mtlds solution-5 which aie usually too tmbid for electro- 
phoretic in ih -Is, but its subfi ictions iic satisfactory for study (Diagram 5, 
T iblo V) 1 liiis f ir, Fi iction iV-iB has been separated only from the 
sera ot three dogs subjected to tuipentine injections Fraction rV-4 
of two burned dogs was subfi actionated without obtaming Fraction IV- 
4B Insufficient material was aaailable after mustard treatment to de- 
termine the presence of this fraction 


Table II 

Ekclrophorctic Uiahjscs of Dog Sera and Plasma Used for Fractionation 


No of saxnples 

Trcalincat* 

Per cent distnbutioa 

Albumin 

a 

e 

■■ 

Bi 

3 

N 

40 

20 

26 

8 

■■ 

4 

T 

31 

42 

24 

3 

■■ 

2 ' 

B 

31 

30 

24 



1 j 

M 

3S 

27 

16 


■H 


• N , control, T represents Runs 1,7, and 35, 0 5 ml of turpentine injected sub- 
cutaneously into si\ different sites on the back, the dogs sacrificed 3 days later, 
B , dogs clipped under deep anesthesia, dipped into hot water at 75° for 6 seconds, 
and sacrificed 4 and 7 days later , M , cutaneous application of 40 mg per kilo of bis- 
(^-chloroethyl) sulfide, dogs sacrificed 4 days later (Run 70) 

t Value for one dog 

Excellent electrophoretic patterns obtamed for Fraction IV-4B m two 
dogs injured with turpentme showed different configurations (Fig 2) 
One appeared to be composed of a fairly homogeneous protem with a 
mobihty of 5 7 X 10~® The predommant proteins of the other showed 
twm distinct peaks havmg mobilities of 6 4 and 5 0 X 10“® and could be 
classified as a-globuhns 

Fraction IV-4C is composed prmcipally of a-globuhns and is the largest 
subfraction of Fraction IV -4 It is obtamed m increased amounts from 
the sera of the mjured dogs Fiactions IV-4D and rV-4E contam most 
of the albumin present in the main fraction An appreciable amount of 
a-globuhn is present in Fraction IV-4E, obtamed from the serum of in- 
jured animals 

Fraction IV-4fl can be separated fiom the serum of dogs treated with 
mustard and turpentme It was not recovered from the sera of the control 
or burned anunals The mobihty of the mam component is about 5 0 
X 10~® and it is therefore classified as an a 2 -globuhn 
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D:t.GRAM 2 — Concluded 

Frictioii IH <list,nhc(] m II 5 tunes its weiglit of II.O 

pllj 1, r/2 0 0S 


Supirnat uit III 2, ttli uiol lo^ , pll G 3 Fraction III-2 


Fraction III-l 

\.n aqueous solution of Fraction III is adjusted to pH 5 4 and an lomo strength of 
0 03 with acetate buffer This mixture is stirred for several hours and left for 8 
hours at 0° and Fraction III 2 is centrifuged off Fraction III-l is precipitated and 
removed by centrifuging after the supernatant is adjusted to pH 6 3 with NaHCOj 
and to lo per cent ethanol by adding an equal volume of 30 per cent ethanol Solu- 
tions of Fraction III 2 are alwajs too turbid for electrophoresis, solutions of Frac- 
tion III-l are usually clear 


Diagram 3 

SubfracUonation of Fraction III-O 

Fraction III-O dissohed in 10 times its weight of 0 85% NaCl, pH 7 0 

Dialyze (72 hrs ), 
pH 5 8 

I I 

Supernatant III OA, ethanol 40%, pH 4 8 Fraction III OA 


Fraction III-OB 

Precipitate III-O is stirred for several hours with physiological aahne, adjusted 
to pH 7 0 with NaHCOi at 0° until dissolved This solution is dialyzed in a cello- 
phane tubing for 72 hours at 5° against running tap water The dialyzed solution is 
adjusted to pH 5 6 to 5 8 with pH 4 0 acetic acid acetate buffer and allowed to re- 
main at 0° for about 12 hours Fraction III-OA is removed by centrifuging at 0° 
To Supernatant III-OA, 53 3 per cent ethanol which contains acetate buffer is added 
to give a final pH of 4 8 and an ethanol concentration of 40 per cent. Fraction III-OB 
IS precipitated and centrifuged at —5° immediately J 

Fraction V, which is chiefly albumin, contains appreciable amounts of 
a-globuhn in the controls and larger amounts m injured animals Pro- 
cedures described by Cohn (3) (Diagram 6) for the preparation of pure albu- 
min are not successful in separating the a-globuhns from albumm 

The yields for vanous fractions are shown in Table VII The increase m 
the cz-globuhn-nch fractions (Nos IV-4 and rV-4fl) and the decrease m the 
albumin-nch fraction (No V) parallel the changes noted in the electro- 
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phoietic patterns of the seia of injured animals After the subfractionation 
of Fraction II + III fiom seium of turpentme-injured dogs, there was a 
decrease in the jnelds for 7 -globuhn (Fractions II-3 and 11-1,2) and a 
striking inciease in the a- and ^-globulins (Fraction III-O) 

Table III 


Eleclrophorelic Analyses oj Fraction II -j- III and Subfracltons 


\o of samples 

Treatment* 

Fraction No 

Albumin 

Per cent dist 

a 

nbuUon 

/3 

7 

2 

N 

II -b III 

13 

18 

48 

21 

3 

T 

tf 

S 

15 

60 

17 

2 

B 

it 

12 

19 

54 

15 

1 


it 

S 

32 

50 

10 

1 


II-3 


2 

17 

SI 

2 

T 

it 


2 

38 

60 

1 

N 

II-l, 2 




100 

1 

T 

<4 



8 

92 

1 

N 

III-l 


10 

44 

46 

1 

T 

44 



57 

43 

1 


III-O 

8 

53 

27 

12 









* See Table II 


Table IV 


Electrophoretic Analyses of Fraction IV, and Fraction IV-1, and Subfractions 


No of 
samples 

Treatment* 

Fraction Vo 


Per cent distribution 


Albumin 

OO 

a 

P 

7 

2 

T 

IV 

18 


50 

32 


2 

B 

44 



50 

30 


1 

M 

44 

13 


64 

21 

2 

2 

N 

IV-l 

24 

19 

41 

16 


1 

B 

i 4 

17 


71 

12 


2 

M 

4 4 

16 

24 

45 

15 


1 

N 

IV-IA 

8 


64 

28 


1 ’ 

T 

44 

7 


77 

16 


2 

<4 

IV-IB 

6 


68 

26 

j 

1 

44 

IV-IC 

60 


40 

- 

i — 


* See Table II 


The data for hpide and mtrogen analj'^ses for two control and tw 0 
tine-mjected dogs are shoim m Table ITII The results foi 
8 are limited, oiving to the small amount of serum The hpmes 0 
sera were extracted according to Procedure I The sera for Huns 
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35 represent pooled samples fromcoatrol and injured dogs, obtained through 
the courtesy of the Medical Division, Edgewood Arsenal These ammals 
were not in good shape at the time of the experiment and the sera were 
usually turbid on arnval in this laboratory The results for these last 
two runs may not be tjpical for healthy control or turpentme-injected 
dogs Lipide extractions for Runs 34 and 35 were peiformed accordmg 
to Procedures II and III 


DlVORAil 4 

Subfraclionation of FracUon IV-t 
Fraction I\ -1 dibboUcd in 0 times its weight of H 0 at pH 7 0 


Ethanol 109c , 
pH 5 3, r /2 0 03 


Fraction IV-IA 


Fraction IV-IB 


Fraction IV-IC 

Fraction IV-1 is dissolved in water, and brought to pH 7 0 with NaHCOj with 
stirring at 0° The ionic strength is raised to 0 03 w ith NaCI, pH lowered to 5 3 with 
acetate buffer, and ethanol adjusted to 10 per cent with 53 3 per cent ethanol The 
resulting precipitate (Fraction IV-1 A) is separated by centrifuging The lomc 
strength and ethanol concentration of Supernatant IV-1 A are changed by the same 
procedures outlined above Fraction IV-IB precipitates immediately and is removed 
by centrifuging By low ering the pH of Supernatant FV -IB to 4 8 with acetate buffer 
and raising the ethanol concentration to 40 per cent w ith 95 per cent ethanol. Fraction 
IV-IC 18 removed by centrifuging (In Run 7, Fractions IV and IV-1 were com- 
bined and fractionated as above ) 


Supernal int IV-IA, ethanol 309c, pH 5 3, r/2 0 07 


Supernatant IV-IB, ethanol 109c, pH 4 8 

L 


Fractions II -f- III — The increase in the total hpide C on the whole 
sera of turpentme-injected dogs appears to be due chiefly to changes m 
Fraction II + III Subfractionation of Fraction II + III m sera of 
injured animals yields increased amounts of Fraction III-O which contam 
larger concentrations of lipide C than was found m the controls The 
hpide C concentrations of the y-globulm-rich Fractions 11-1,2, II-3, and 
III-l are not changed appreciably after mjury 
Fraction IV-1 — ^The hpide concentrations of Fractions IV-IA and IV-IB 
aie not appreciably affected by injury Although the distribution of the 
a- and jS-globuhns is about the same m these two fractions, the hpide con- 
centrations are different The hpide concentration of Fraction W-IC is 
greater m the serum from the controls than from mjured ammals 
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Fi action IV-4 — Fraction IV-4A, which was insoluble and was obtained 
during the first subfractionation procedures (Runs 7 and 8), contained 5 1 
and 6 6 per cent total hpide C m sera from control and turpentme-treated 
dogs, respecti\ely 


Diagram 5 


Subfracltonatton of Fraction IV 4 

Fraction IV-l, dissolved in 12 times its weight of 0 S5%NaCI, pH 7 0 

Dialyze, 
pH 5 S 


Supernatant rV-4B, ethanol 28%, pH 5 6, r/2 0 08 Fraction IV4B 


Supernatant IV-4C, ethanol 40%, pH 4 8, r/2 0 1 Fraction 1740 


Supernatant (settled 48 hrs ) Fraction IV 4D 


Fraction iY^4E 


Fraction IV4 is dissolved by stirring for several hours in salme brought to pfi- 
7 0 with NaHCOj at 0° In a few e\penments an insoluble gelatinous precipitate is 
formed on standing at 0° and is called Fraction IV4A The solution of Fraction 
174 is dialyzed against running tap water maintained at 5° for 72 hours and is then 
adjusted to pH 5 ^with acetate buffer Fraction W4 obtamed from the serum o 
severely injured ammals immediately yielded a flocculent precipita’e which packed 
well on centrifugation This precipitate designated as Fraction IV 4B is not foun 
in normal dog serum To the supernatant of Fraction r74B, sufficient NaC ^le 
added to give an lomc strength of 0 OS, the ethanol concentration is brought 
per cent and pH 5 6 with 53 3 per cent ethanol contaimng the acetate buffer 
mi\ture is stirred for several hours at —5° and kept at that temperature overmg 
Fraction 1740 is removed by centrifuging The lomc strength of the supernaten 
of Fraction 1740 is raised to 0 1 with NaOl, the pH lowered to 4 S wth acetate u 
and the ethanol concentration increased to 40 per cent with 95 per cent ethane 
precipitate (Fraction I74D) forms immediately on mixing and is centrifuged ew^ 
at once* If the supernatant of Fraction 1740 is allowed to stand at —5 nr 
hours, a precipitate (Fraction I74E) settles out from the sera of severelj mjur 
dogs 


Data for two samples of Fraction IV-4B, found only m the serum^o^ 
turpentme-mjected dogs, are presented The fraction obtamed m 
characterized by a low mtrogen content (3 6 per cent) and a very hig 
hpide C concentration (51 0 per cent) This hpide C could be 
completely accounted for as phosphohpide and cholesterol Th® 
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Tadlb V 


Elcctrophorclic Inalyscs of Subfractiona of Fraction IV-4 


\o of sAnplcs 

Trcalmcat* 

Traction No 

Per cent distribution 

Abumin 

a 

P 

2 

T 


5 

91 

4 

1 

N 

■MM 

14 

70 

10 

> 

T 

it 

15 

79 

6 

1 

M 

it 

21 

C8 

11 


1 

IV-ID 

51 

48 

1 

2 

B 

it 

33 

57 

10 

1 

N 

IV-IE 

87 

13 


1 

T 

1 ** 

17 

53 


1 

B 

it 

55 

45 


2 

T 

IV-4fl 

22 

1 76 

2 


* See Tabic II 



12 (M) ET-I (C) 32-1 (M) 


12-48(7) 12-4 8(7) I2-4C(7) 12-4 0(7) 32-4E (7) 



Fig 2 Ascending electrophoretic patterns of fractions of dog sera in barbiturate 
buffer, pH 8 6, T/2 0 1 at 2° C , control, T , turpentine, M , mustard, B , burned 
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of Run 35 has a total lipide C concentration of 34 4 per cent and a nitrogen 
concentration of 7 2 per cent Only 63 per cent of this hpide C could be 
•accounted for and most of this is due to phosphohpide The effect of 

Table VI 


Electrophoretic Analyses of Fraction V and Its Subfraction 


"No of samples 

Treatment* 

Fraction No 

Per cent distribution 




Albumin 

a 

p 

2 

N 

V 

82 

16 

2 

1 

T 

tt 

64 

36 


1 

B 

IC 

65 

35 


1 

M 

t( 

78 

28 


1 

N 


75 

24 

1 

1 

T 


65 

35 


1 

N 


88 

12 


1 


■■ 

78 

22 



* See Table IL 


DiAGBAil 6 

Subfractionation of Fraction V 
Fraction V dissolved in 6 times its weight of HjO 

Ethanol 1S%, 
pH 4 3 


Supernatant V-1, ethanol 40%, pH 4 8 Fraction V-1 


Fraction V-2 

The procedures for purification of the albumin are similar to those described by 
Cohn et al (3) Fraction V is dissolved in water at 0°, the pH adjusted to 4 3 wit 
acetic acid, and the ethanol concentration raised to IS per cent, Fraction V-1 is pr® 
cipitated at once Supernatant V-1 is adjusted to pH 4 S and an ethanol concentra 
tion of 40 per cent and Fraction V-2 is obtained Fraction V-1 usually yields a turbi 
solution while Fraction V-2 usually yields a clear solution 

injury on the hpide constituents of Fraction IV-4C is not staking or con- 
sistent m the two experiments 

Fraction IV-4C, which is the prmcipal fraction of Fraction lV-4, is co®^ 
paratively rich m hpide Injury does not cause consistent changes m 
hpide concentration or distribution , 

Fraction IV-4fl — The results of the hpide anal 3 ^es of two different ra 
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tioiib obt lined m Hunt. 7 and 35 arc given The lipide C concentiations 
are 2 1 ind 11 G per cent icbpcctively Piactieally all of this hpide is 
.accounted for as phospholipide 

F raclion 1 ' — ^'flie hpide C couceutiatiou of this albuinm-rich fraction is 
diniinished iftcr injury Fuithci subfiactionatioii yields fractions which 
arc cholcsterol-frce and low in phospholipide content 

The results in Table VIII show consistent changes foi a number of frac- 
tions in the two groups The y-globulm-rich Fiactious 11-1,2 and II-3 are 
dccrciscd in amount but the low hpide concentiations are not changed 
after injury Fraction III-O, composed chiefly of a- and |3-globuhns, 
shows absolute increases in lipides due to increased yields and concentra- 


Tablb VII 

Yields of 1/ojor Fractions and Subfracltons of Dog Sera Expressed in Dry Weights per 

1000 Ml of Whole Scrum 


Fraction No 

Control Run .34 

Turpentine Run 3S 

Turpentine, Run 7 


im 

cm 

sm 

II + III 

26 0 

28 0 

25 0 

IV 

None 

None 

1 8 

IV-l 

4 4 

5 0 

1 3 

IV-4 

6 S 

14 0 

13 0 

lV-4fl 

None 

3 0 

3 0 

V 

21 0 

16 0 

12 0 

II-3 

6 2 

0 7 


II-l, 2 

2 3 

0 8 


III-2 

1 4 

3 4 


III-l 

4 1 

2 7 


III-O 

I 9 0 

15 0 



tions in the sera of turpentine-mjected dogs The two samples of Fraction 
rV-4B, found only m the sera of turpentme-injected dogs, have the highest 
concentration of hpide constituents recorded m these experiments The 
absolute amounts of hpides of the a-globuhn-iich Fi action IV-4C are 
increased m the mjured animals, chiefly because of the greater yields The 
hpide concentrations and content of Fraction V are decieased m the sera of 
injured dogs 

The mabihty to account for all of the hpide C m most of the fractions 
as cholesterol, cholesterol fatty acids, and phosphohpide is probably due to 
the presence of undetermined fatty acids or neutral fat 

Sulfur Mustard Injury — ^The changes m the hpide components for three 
main fractions of the serum of a dog treated with bis(/3-chloroethyl) sulfide 
are shown in Table IX Suhui mustard was apphed (40 mg per kilo) 
under sodium pentobarbital anesthesia to the shaved back and the animal 
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was sacrificed 4 days later The total hpide C and total cholesterol 
concentrations weie increased in Fractions II + III and IV^ and de- 

Table VIII 


Nitrogen and Ltpidc Analyses of Protein Fractions in Control and Turpentine 

Injected Dogs 


Fraction 

No 

Nitro- 

gen 

Total 

lipidc 

C 

Total 

cholcs 

tcrol 

*0 

u 

<n 

o 

*3 

O 

*2 

& 

*3 

VI 

C 

u 

3 

2 o 

S-2 

a 

s 

Nitro 

gen 

o 

*3 

Total 

cholcs 

terol 

"o 

«n 

u 

'o 

,3 

O 

3 

3 

o 

.a 

« 

C 

u 

o « 

^ 3 

G_9 





o 

w 

O 

ja 

— u 

U 


eS 


o 

o 

tu 

« 

o 

JS 

— <J 

o'* 

u 


Control Run 8 

TurpenUne Run 7 


gm 

per 

cent 

gin 

per 

cent 

gm 

per 

cent 

per 

cent 

gm 

per 

cent 

per 

cent 

gm 

per 

cent 

gm 

per 

cent 

gm 

per 

cent 

per 

cent 

gm 

per 

cent 

Itr 

cent 

II + III 

14 3 

2 4 

0 45 




13 1 

G 6 

2 01 


3 3 


II-3 







15 0 

1 2 

0 14 


1 4 


11-1,2 







14 1 

0 5 

0 00 


■iK 


III-l 







14 0 

1 6 

0 50 


IE 


III-O 







12 6 

12 8 

3 90 


9 2 


IV-IA 


12 4 

4 7G 


10 4 


12 2 

12 1 

3 36 


8 9 


IV-IB 

12 5 

7 9 

1 98 


4 7 


12 2 

5 1 

1 64 


3 9 


IV-IC 

14 0 

5 0 

1 13 


3 9 


12 7 

2 6 

0 45 


0 9 


IV-4A 

11 3 

5 1 

1 45 


2 9 


12 2 

G 6 

1 05 


5 6 


IV-4B 







3 G 

51 0 

10 20 


39 3 


IV-4C 

11 G 

18 2 

7 82 


12 8 


11 3 

14 4 

4 03 


9 8 


IV-4a 







13 0 

2 1 

0 42 


2 0 


V 

13 7 

1 3 

0 2G 


0 7 


14 7 

0 4 

0 00 


■i 




Control Run 34 


TurpenUne 

Run 35 



Serum 

12 4 


1 G 

19 

2 1 

65 

12 1 

8 3 

3 1 

31 

4 1 

77 

70 

SO 

35 

74 

69 

65 

71 

63 

100 

85 

II + III 

14 0 


1 2 

25 

2 2 

SO 

12 3 

13 5 

5 3 

29 

4 7 

11-3 

15 4 

0 9 

0 2 

IG 

mm 

48 

13 9 

3 1 

1 4 

13 

1 1 

11-1,2 

14 8 

0 3 

0 0 


IE 

25 

14 9 

EE 



0 2 

III-l 

14 8 

2 1 

0 4 

29 

■ilal 

46 

13 9 

5 3 

2 8 

9 

Bilil 


13 7 

6 1 

2 0 

28 

2 1 

62 


11 8 

4 9 

34 

s / 

3 1 
5 3 
31 3 

7 8 

8 5 

0 6 

IV-1 

12 4 

11 0 

3 9 

15 

G 3 

94 


11 5 

4 5 

27 

IV-4 

12 6 

9 4 

4 1 

IG 

G 4 

100 

11 7 

12 8 

4 9 

34 

IV-4B 







7 2 

34 4 

1 1 

64 

IV-4C 

11 9 

8 9 

5 7 

14 

5 2 

mM 

11 7 

■iml 

5 4 

23 

rv-4fl 







11 6 

11 6 

1 7 

38 

63 

V 

13 8 

2 7 

1,3 

12 

1 7 

■ 

BH 

m 


38 


* Cholesterol C + phoaphohpide C + ester cholesterol fatty acids C (gi“ P 


cent) 

creased in Fraction V The percentage of free cholesterol increas 
injFraction^ II + HI and IV-4 but decreased m Fraction V. 
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Choline — In ordci to cliiractciizc the type of phospholipidc associated 
\\ith \ inous protein fi actions, choline and phosphoius of the lipide ex- 
tricts wcie determined foi some hpidc-rich fractions and the lesults are 
shown 111 T ible X Since tlie niolai ratios of choline to phosphorus are all 
about uiiitj, the phosphohpide bound to piotein is piobably lecithin 
T lUiog, Entcnm in, and ChaikolT (11) noted a similai lelationship betw^een 
choline ind P for dog seriim 


Table IX 


Ailropca and Liptdc Inahjses of Protein Fractions in Control and Mustard- 

Treated Dogs 


Friction \o 

\ 

1 

j Treatment 

Nitrogen 

Lipldc C 

Total 

cholesterol 

Free 

cholesterol 

Phospho 

hpme 

C of Iipide con 
stituents 
accounted for 



tm per cent 

ttti per cent 

gm per cent 

per cent 

gm per cent 

per cent 

II -r III 


W|I« 

5 G 

2 1 

40 


67 




3 7 

1 2 

25 

2 2 

80 

I\-l 


9 5 

14 2 

2 C 

32 


63 



12 6 

9 4 

4 1 

16 

6 4 

100 

V 

! 

13 1 

0 7 

0 1 

0 


27 


! C 

i 

13 8 

2 7 

1 3 

12 

1 7 

100 


*M , mustard treated, C , control 


Table X 

Percentage Distribution of Choline in Ltpidcs of Some Serum Protein Fractions 


Fraction No 

Control 

Dog 8 

1 Turpentine Dog 7 

Choline 

Molar ratio 
Choline 

Choline 

Molar ratio, 
ChoUne 

Phosphorus 

Phosphorus 


gm per cent 


gm per cent 


II 4- III 



0 53 

0 97 

III-OA 



1 35 

0 94 

III-2 



1 19 

0 97 

rv-iA 



1 48 

1 01 

IV-IB 

0 73 

0 95 

0 74 

1 14 

IV-4B 

1 69 

0 94 

1 6 04 


IV-4C 

1 95 

0 94 

1 55 



Carbohydrates — Values for hexosamine hydrochlonde are available for all 
fractions but are not hsted, the minimum and maximiim values range 
between 1 2 and 2 8 per cent It is not possible to correlate the hexosamme 
concentration ivith the type of plasma protem The highest value of 2 8 
per cent is recorded for the a-globuhn-nch Fraction rV-4fl 
An attempt was made to determme the mannose and galactose concen- 
trations of protein fractions by the Sorensen and Haugaard (12) procedure 
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This method does not appear to give quantitative results for muctures of 
sugars and the results must be considered as approximations Since this 
procedure requues a watei -soluble protein, only a feiv fractions could be 
analyzed The alcohol-ethor extiacts of the hpide-rich Fraction IV-4B 
give positive reactions with the orcmol reagent, which mdicates that lipides 
may mterfeie with the Sorensen-IIaugaard pioccdure 
Three analyses which aie considered satisfactory^ give the results shown 
m Table XI The total caibohydratc concentiation of Fraction IV-4fl, 
which includes hexosamine and sugars, is G 5 pei cent 


Table XI 

Carbohydrate Content tn Some Scrum Protein Fractions 


Fraction No j 

Sugar 

Type 

Total Iipide C 

V 

per cent 

1 2 

Mannose-galactose (2 1) 

per cent 

0 4 

ir-3 

1 0 

Mannose 

1 2 

IV-4fl 

3 7 

Alannose-galactose (2 1) 

: 2 1 

1 


DISCUSSION 

The data for the fiactionation of the serum proteins of control and 
Injured dogs are limited by the difficulties m obtaming sufficient amounts 
of sera The piesence of a comparatively laige number of proteins m dog- 
serum IS indicated m these experiments A gieat deal more work must be 
'done to perfect the fractionation procedures with dog serum to isolate 
'electrophoretically puie pioteins 

The influence of mjury on the protem-regenerating mechanism presents 
an mterestmg problem An a-globulm-rich fraction (No con- 

taimng large amounts of lipide has been found only m the serum of doga 
mjected subcutaneously with turpentme A caibohydrate-nch fraction 
(No IV-4fl) mth the mobility of a-globulm is present in the amma 
injured by tuipentme and mustaid Twm widely varyung hpide 
trations are recorded foi this fraction after turpentme injection 
hpide contents of these tractions differ in two groups and appear to 
on the condition of the animal and the state of the hpide metabolism 
a-globulm-rich fi action termed Fraction IV is present m small quan i ' 
m the sera of most injured anunals 

The available data show that there is a laige difference m o ^ 
quantity and quality of the lipides associated with protem 
result of injury For example, not only does the total hpide ^ in® 
but the percentage of free cholesterol and phosphohpides changes 
subfractions of Fi action II + HI obtained from the sera o urp® 
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injected dogs These cliangcs in the lipidc constituents may indicate a 
redistribution of the lipidc components as well as the introduction of new 
lipoproteins 


SUMMAUY 

Fr ictionation proceduies ire desenbed for the separation of proteins of 
dog serum according to principles and methods developed by Cohn and 
associates 

The percentage distributions of the proteins in mam and subfractions 
arc presented for the sera of control and injuied (tuipentme, heat, and 
bis(d-chloroethj 1) sulfide) dogs 

Three a-globuhn-rich fractions, not present in detectable amounts in 
the serum of control dogs, can be separated from the serum of mjured dogs 
-\nalytical data for total lipide C, total cholesterol, free eholesterol, 
pliosphohpide, choline, he\osamme, and nitrogen aie piesented for many 
of the fractions 

The a- and /3-gIobuIms aie associated ivith the mci eased hpide concen- 
trations noted in the sera of mjuied animals 

The authors are indebted to iNIr Curtis S Floyd, Mrs Paula S Gjessmg, 
Miss Frances E Haigh, Miss Lucy F Hobhtzel, Miss Florence L Jones, 
and Mr Robert F Mitchell for technical assistance 
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THE niMUXOCIin^riSTRY of ioxins vnd toxoids 

111 THL ISOL^TIOX VXD CII VR VCTEIUZ-VTIOX OF 
DIIMIIIIERLVL lOXOID* 

Ih LOUIS PILLLMER, D VVID TOLL, k\d SHIRLEY J BADGER 
(From the Iiistilule of Pathology, Western Reserve University, Cleveland) 

(Rtccued for publication, June 14, 1947) 

Criult clii)htheinl lo\oid conbibts of foimilm-treated diphtheual to-tin 
and mcludt'i tuUurc media constituents ind bacteiial pioducts These 
latter substaiuei nii}' elicit severe leictions in human beings Thus, the 
purificition of diplitherial toxoid is impoitant foi its use as an improved 
proplij I ictiL agent against diphtheria and foi the elucidation of its physical 
ch u icteristics and chemical composition 

Altliough diphtherial toxm has been piepaied m i highly pure state 
b\ Eaton (J) and b}^ Pappenliemier (2), many attempts to purify diph- 
therial toxoid ha\e met with varying degiees of success Leonard and 
Holm (3) thoroughly reviewed the literatuie piioi to 1933 and lepeated 
the most promising purification procedures They found the existmg 
methods unsatisfactoiy IMethods, xvhich gave high yields, produced a 
final product of a low degree of purity Most of the puiified toxoids 
'showed signs of denaturation as indicated by either the absence or re- 
tardation of flocculation It is of particular interest that alcohol or 
combined acid-alcohol precipitations in their hands pi oved unsatisfactory 
Furthermore, these investigators experienced difficulty m sterilizing their 
products by filtration Pope and Lmggood (4), employing a complex 
lengthy procedure mvolving ultrafiltiation, w'ashing, adsorption, and 
elution, prepared a toxoid of about 70 per cent pmity Later, Lmggood 
(5) modified Eaton and Gronau’s (6) method m which cadmium chloride 
was used and again obtained a toxoid of about 70 per cent purity These 
authors presented no data on the flocculation time or antigenicity of 
their products and thus the extent of denaturation oi the antigenic char- 
acter of the toxoids is unknown Boivin (7), emplo 3 nng trichloroacetic 
acid precipitation, claimed a final product of about 2000 Lf per mg of 
nitrogen However, Pope and Lmggood (4) w’’ere imable to confirm 
Boivm’s results 

The practical and theoretical importance of preparing a stable purified 
diphtherial toxoid warrants further attempts This is especially indicated 
m view of the success encountered in the crystallization of tetanal toxm 

* Aided by a grant from the Lederle Laboratories Division, American Cyanamid 
Company 
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(8) and the piepaiation of puiified tetanal to\oid for clinical use (9, 10) 
A vaiiable multiphase system of fractionation involving the piecise ad- 
justment of methanol concentiation, pH, ionic strength, and proteit 
concentiation imdei conti oiled conditions of temperature has proia 
adaptable foi the puiification of many labile proteins (8-13) Cohn and 
associates (14, 15) employed a similar sjstem in vhich ethanol instead of 
methanol was used foi the purification of plasma proteins Furtheimore, 
it has been recognized here (10) that the addition of adjuvants, especially 
dipole ions such as glycine, to puiified toxoids allows effective sterilization 
of the toxoid by filtiation and markedly stabilizes the antigenic properties 
of the toxoid piinciple 

Accordingly, the piesent report concerns the isolation and characteriza 
tion of diphtheiial toxoid Subsequent papers will deal with the prepara 
tion of the toxoids in a state suitable foi human mimunization 


Materials 

The ciude diphtheiial toxoids^ employed m this study were produced 
from toxin piepaied on a defei rated semisynthetic medium by use of a 
stiam of Coryncbaclei mm diphthei lae especially cultivated for this medium 
The toxoid w'as'fonned by the addition of 0 5 per cent foimalm to the 
toxin and aged until the mateiial was non-toxic 
All leagents weie eithei c p oi the best giade obtamable The aceta^ 
buffer foi the pH adjustment of the toxoids is composed of 2 0 n acetic 
acid and 0 4 m sodium acetate Diluted 40-fold wnth distilled water, 
this buffei gives a pH of 4 


Genet al Methods 

The combining pow'ei of the toxoids was deteimmed by the Bamon 
flocculation test Inci easing amounts of toxoid w'ere added to a cons a 
amount of antitoxm and the final volume bi ought to 2 ml with n/ 
phosphate buffer of pH 7 4 After the contents of the tubes were 
mcubation m a watei bath at 50° w'as earned out until 
curred The tubes weie read by txansmitted light against a dul 
backgiound The fiist tube showing flocculation was the mdicator ^u^^^ 
and the time m minutes requiied for this flocculation was the lit 
a constant amount of antitoxin was employed, the ICf of different sam 

wms comparable tnfugal 

Methods foi the electiophoretic analysis (16) and the ultracen 
studies- (17) have been reported elsewhere The buffer use 
trophoiesis had a pH of 8 6 and an ionic stiength of 0 1 So u 


1 Supplied by Lederle Laboratories 

2 We are indebted to Dr J L Oncley for the ultracentrifugal analysis 



I’lLILMlH, lOLh, VND B VDGLR 


573 


teriniiiitionb ^\c^c Lamed out as advocated by Northrop (IS) Isolectnc 
points were detcrinuied bj a modification of the method of Michaehs and 
Roiu (19) lij'drogcn ion deteimmations weie made on the glass elec- 
trode Vll pH determin itions wcic made piioi to the addition of alcohol 
'liter w irmmg the simple to 25° The ionic strength at the pH of the 
fratiointions was c ilculatcd from the vilence of the ions present and 
their concentration aftci alcohol addition .\J1 centiifugations w^ere 
carried out in i refrigerated centrifuge (Intel national, PR-1) 

Nitrogen was determined bj the micro-Kjeldalil method of Pregl 
Sultur was determined bj^ the lead acetate method, the mtroprusside 
rciction, ind a modification^ of a turbidimetric proceduie (20) The 
highly scnsitue test described bj Feigl (21) was also used to detect sulfur 
Iron and cobalt analyses were conducted spectiogiaphically, and the sensi- 
tne Q:,a'-dip3Tidyl reaction (21) was also employed foi the detection of 
iron The usual qualitative tests for proteins, ammo acids, phosphorus, 
and carboh 3 'drate were earned out 

E\PERISIEXTAL 

Theoretical Considerations — The theoietical considerations of the pie- 
cipitation of protems by ethanol-water mi\tures have been amply reviewed 
bj Cohn and Edsall (22) Colm and associates (14, 15) have subjected 
the«e theories to actual practice in the fractionation of the plasma protems 
r In studies on the purification of labile to\ms and toxoids (8-13) methanol 
has been employed as the organic precipitating agent It has been noted 
here that methanol leads to less irieversible changes in these labile pro- 
tems than does ethanol Its relatively high dielectric constant and close 
chemical resemblance to water may deteimine its favorable properties 
Since the volatile alcohol is lemoved from the pioteins by freezing the 
mixture and then removing both the water and alcohol under reduced 
pressure, clmical objections to the use of methanol aie eliminated 

It has been observed that the charged condition of the protems deter- 
mined by the pH of the mixtuie and the methanol concentration play 
the major r61e in this sepaiation of toxins and toxoids The temperature, 
by necessity, is maintained neai the freezing point of the mextures to avoid 
denaturation Protein concentration is adjusted to allows protective 
stabilization of the toxoid molecules by virtue of protein-protein inter- 
actions and of their dipole activities Within the narrow' limits employed 
here (0 001 to 0 2), the lomc strength of the mixtures did not exhibit a 
solvent action but in the higher limits actually had a salting-out effect 

’ The samples were oxidized m micro-Kjeldahl flasks with concentrated HNOj 
and a few drops of bromine water Turbidity measurements were made on a Klett 
photoelectric colorimeter 
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The desiied piotem may be sepaiated as a piecipitate or may be mam 
tamed m solution, depending on the solubility limits of the protein and 
the impuiities, the natuie of the impuiitios, and the convenience of ev 
perimental conditions A balance of h\e independent lanables alloiNSj 
large numbei of expeiimental conditions It is the custom heretomam- 
tam foul vaiiables constant, concomitant with the vaiiation of one condi 
tion Thus, the solubility of the piotem as a function of either pH, 
methanol concentiation, protein concentration, or ionic strength can be 
deteimmed as long as thice of the conditions aie kept constant 

The conditions hnally established foi each separation were those which 
resulted m the highest yield and gieatcst puiitj’^ of the to\oid principle 
accompanied by no deleteiious chingcs in its stiaicture oi lunction 


Results 

Itntial Sepal alion of Toxoid Principle from Culture Medium 

In a series of solubility studies, the conditions foi the separation of the 
toxoid principle fiom cultuie medium pioducts w ere deterramed The 
general fiactionation method follows 

1 volume of toxoid is chilled to 1° and adjusted to the desired pH with 
ice-cold acetate buffei oi , in some instances, with acetic acid To thia 
mLxture, the calculated amount of methanol (measured at —5“ and chm^ 
to —20°) IS added slowly WTth constant stiiiing, care being taken to mam- 
tam the temperatuic at —5° oi under The mixtuie is mamtamed a 
— 5° for 24 hours At alcohol concentrations above 40 per cent, the teni 
perature is mamtamed at — 10°, while at alcohol concentrations of 10 pej 
cent or under, the temperature is kept neai the fieezing pomt or at -o 
The piecipitate is lemoved m a lefiigerated centiifugc at the same tern 
peiature as that used during piocessmg, and washed once with a metna 
buffer-watei mixtuie of the same composition as that employed for pr® 
cipitation The precipitate is then dissolved to one-tenth to one w 
eth the original paient to\oid volume wnth m/15 phosphate buffer o p^ 

7 4 The solution is claiified by centiifugation at 4000 ® ^ 
minutes at 1°, and then immediately assayed oi stoied at — 2o ^ 
needed 

The peitment data on the behavioi of the to\oid piinciple m 
consistmg of cultme media, methanol, and water under vaiymg con ^ 
of pH, ionic stiength, and tempeiatuie aie summarized m Ta 
Hand other salient pomts portiayedgiaphically m Figs 1 and 2 
of these results discloses the follownng information H 4 and e 

Diphtherial toxoid is quantitatively precipitated between p ^ j^ighest 
m 40 pel cent methanol at ionic strength 0 09 and —5 



Table I 


Prcciritation 0 / Diphtherial Toxoid tn 40 Per Cent Methanol of Varying pH, Ionic 
Strength 0 00, Tcmpcralare —5° 


pH 

N I>cr ml 

Lf i>cr ml 



Yicldt 

Punfication 

hetorj 

> 

1 00 

— 

300 

35 

453 

Per cent 

100 

42 

1 35 


300 

35 

509 

100 

48 

1 55 



35 

610 

100 

57 

1 75 

0 151 

■ ■ 

35 

661 

100 

62 

J SO 

0 3&5 

■ ■ 

25 

777 

100 

73 

5 00 

1 &1 


15 

S50 

100 

79 

5 00 

1 IS 

1020 

30 

S65 

100 

81 

5 15 

0 332 

292 

25 

879 

90 

82 

5 30 

0 2.19 

233 

25 

975 

71 

91 

5 40 

0 239 

206 

25 

862 

64 

81 

5 15 

0 231 

200 

30 

855 

61 

80 

j GO 

0 207 

140 

30 

676 

42 

63 

5 S5 

0 130 

58 

40 

446 

18 

42 

Parent toxoid 

3 15 

31 

40 

10 7 




I locculatioii time, in minutes, determined at 35 Lf units 


t Yield per cent = 


total Lf of precipitate under indicated conditions 
total Lf in crude to\oid 


X 100 


t Purification 


Lf per mg N in material precipitated under indicated conditions 
Lf per mg N in crude toxoid 


Table II 


Precipitation of Diphtherial Toxoid under Varying Conditions of Methanol Concentra- 
tion, pH, Ionic Strength, and Temperature* 



Conditions 


N 

U 

Kf 

Lf per 

Yield 

Pun 

hcation 

factor 

Mcth 

anol 

pH 

Ionic 
strength | 

Tempera 

tore 

per ml 

per ml 

mg N 

per cent 

0 


n 

c 

0 

HIJ 

0 272 

175 

45 

643 

per cent 

57 

60 

0 


ISIS 

0 

0 184 

58 

55 

315 

19 

29 

10 


0 13 

-3 

0 496 

269 

30 

542 

88 

51 

10 

4 50 

0 13 

-3 

0 423 

219 

30 

518 

71 

48 

10 

5 10 

0 13 

-3 

0 145 

39 

55 

269 

12 

25 

f 20 

4 90 

0 07 

-5 

0 190 

148 

90 

779 

91 

73 

25 

4 00 

0 11 

-5 

0 631 

254 

30 

402 

83 

38 

25 

4 50 

0 11 

-5 

0 498 

280 

30 

562 

90 

52 

25 

5 10 

0 11 

-5 

0 285 

254 

30 

891 

78 

83 

25 

5 60 

0 11 

-5 

0 147 

50 

55 

340 

15 

32 

60 

5 40 

0 11 

-10 

0 219 

135 

35 

616 

84 

58 

' 60 

5 50 

0 05 

-10 

0 242 

152 

30 

628 

95 

59 

Parent toxoid 



m 

34 

40 

10 7 




See foot-notes to TL able I 
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concentration per mg of piecipitated nitrogen is obtained between pH 
4 9 and 5 3 Hydrogen ion concentiations gieater than pH 5 lead to the 
mcreased piecipitation of constituents other than toxoid Hydrogen ion 
concentrations less than pH 5 lesult m an inci eased solubility of the to\Oid 
principle Incieasing or decreasmg the ionic strength under the aboie 
conditions does not appreciably affect the 3 neld or purity Elevation of 
the temperature to 0” m 40 per cent methanol generally results m de 



Fig 1 Solubility of diphtherial toxoid in 40 per cent methanol at lomc streiio 
0 09 and at a temperature of —5° as a function of pH 

natmation of the toxoid * Alcohol concentiations less than 40 
generally lesult m mcreased solubility of the toxoid Alcohol 
tions greatei than 40 per cent piecipitate meit cultuie medium P''° 
and bacterial proteins It v as also noticed that some of the precj 
formed by lower alcohol concentrations had a slow Ivf, mdica 
damage to the toxoid pei se or, more likely, sepaiation of toxoi 
which have been altered dm mg the process of detoxification , ^ 
no evidence that hydiogen ion concentrations between 4 an 

* Such toxoids show either an absence or marked retardation 
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prcbont toiulilions inipui the toxoid pimciple, since a unifoim Kf, often 
■'horter tli in tint of the paicnt toxoid, is obsencd oioi a Mide pH range 
llie porphjTiiis or poiplij uii-piotein complexes aie piecipitatecl mth the 
toxoid uiidei pi I 5 G 

The ibo\e information indicates that the sepaiation of the toxoid 
principle from the ciucle toxoid occurs optimally at pH 4 9 to 5 m 40 per 
cent inetli iiiol it —5° The ch iiged condition of the toxoid has a greater 



Fig 2 Solubility of diphtherial toxoid in different mixtures varying in pH, 
onic strength, and temperature 

nfluence on its solubility than the ionic strength of the mixture The 
>eparation of bacterial toxms and toxoids studied heie differs m this 
■espect from the sepaiation of the plasma proteins m ethanoI-M ater mix- 
,ures, which depends laigely on precise salt concentrations (15) 

Note should be taken that a smgle piecipitation quantitatively sepa- 
ates toxoid containing nearly 900 Lf pei mg of nitiogen Assuming that 
jure toxoid has 2200 Lf per mg of nitrogen (2), this mateiial is 40 per 
:ent pure This precipitate is hereafter referred to as Fraction PI 
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Solubihtij oj Toxoid Principle in Fraction PI 

Friction PI iras cli^cohed to one-tenth the parent to\oid lolumem 
0 15 'll sodium acetate Ihe behainor of this solution in methanol-water 
mixtures was obsencd o\cr a wide range of pH, ionic strength, and tem- 
perature The lesulta of these studies aie summarized in Table III 


Tibli III 


Precipitation oj Diphtherial Toxoid in Fraction PI* 


pH 

MtOH 

Ionic 

strcDSt^ 

N per ml 

Lf per ml 

Kf 

Lf per 
rag \ 

ndd 

Pun-a 

tioa 

ficto> 


per uni 


ms 




per cent 


4 0 

5 

0 075 

0 OSS 

15 

150 

170 

10 

16 

4 0 

15 

0 075 

0 101 

cs 

95 

742 

44 

69 

4 0 

30 

0 05 

0 150 

155 

95 

1033 

100 

97 

4 5 

10 

0 075 

0 151 

121 

65 

SOI 

7S 

75 

4 5 

20 

0 075 

0 169 

155 

40 

917 

100 

So 

5 0 

10 

0 075 

0 131 

126 

55 

961 

SI 

00 

5 0 

20 

0 11 

0 154 

155 

45 

1007 

lOO 

94 

5 3 

10 

0 12 

0 117 

120 

65 

1076 

SI 

101 

5 3 

20 

0 11 

0 141 

155 

45 

1099 

100 

103 

5 7 

25 

0 075 

0 101 

121 

55 

120S 

7S 

113 

5 7 

25 

0 037 

0 113 

113 

65 

1000 

73 

93 

5 7 

30 

0 20 

0 104 

142 

5S 

1365 

91 

12s 

5 7 

30 

0 10 

0 113 

155 

75 

1371 

100 

12 s 

5 7 

40 

0 09 

0 132 

155 

35 

1174 

100 

110 

5 7 

40 

0 05 

0 lOS 

130 

55 

1204 

S3 

112 

5 7 

40 

0 025 

0 091 

121 

55 

1330 

7S 

124 

5 9 

40 

0 17 

0 12S 

155 

42 

1203 

100 

lU 

5 9 

40 

0 OSG 

0 111 

155 

5S 

1396 

100 


6 5 

40 

0 17 

0 075 

100 

55 

1333 

64 

12-i 

6 5 

40 

0 09 

0 05S 

6S 

55 

1172 

44 


7 4 

40 

0 17 

0 030 

34 

5S 

1133 




* See foot-notes to Table I 


The toxoid prmciple in Fraction PI is cjuantitatnelj 
between pH 4 and 5 9 under appiopnate conditions It "ih 
that minaUy 40 per cent methanol was necessary at am pH to pr 
the toxoid prmciple quintitatirely and selectively In Fraction 


20 


how e\ er, the toxoid is insoluble in 30 per cent methanol at pH 
per cent methanol between pH 4 5 and 5 3, m 30 per cent met no 
pH 5 4 to 5 7, and in 40 per cent methanol at pH o 9 '‘^^^^’^^jation 

remoi al of culture medium substances (proteins and protem 
products) which ma-v mteract wnth the toxoid reduces tie am 
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mclhinol icquired to pietipit^te the tovoid punciple Indeed, highly 
purified lo\oid is higeh piecipit itcd it pll 1 7 to 4 9 m the absence of 
mctliinol Bi tween jiII 1 uul 5 3, v lining the ionic strength between 
^05 uul 0 20 did not gicith influence the solubility of either the to\oid 
or the iinpiiiitie^ nowcnci, it will be seen in lable III that an lonie 
strength of it le ist 0 09 is neLe''s.ii\ foi the cjuantitatii e recovery of 
to\oid mump lined b\ i high degicc of purity at hydiogen ion concentra- 
tion-' le— thill 5 3 \n elTcct siinilu to salting-oiit is obseived here 
In \ lew of the iboie coiisKlentions, repiecipitation of Fiaction I at 
eithei pll 5 7 in 30 pci cent methanol oi it pll 5 9 in 40 per cent methanol 
it ionic strength ot 0 09 uul i tempei ituie of —5° is optimal for the 
qu intit itue rei oiei\ of the to\oid in the highest piiiity These fractions 
hue an Lf eontent ot oiei 1300 per mg of lutiogen 

It is of special impoitancc to note that at pH 4 low' methanol concen- 
tritions precipitate only about 10 pei cent of the to\oid prmciple, while 
fully 50 per cent of the nitrogen is insoluble undei these conditions This 
obsenation is tlie bisis for another step in the isolation of diphtherial 
to\oid 


Isolation of Diphihenal Toxoid 

Scieral laige lots of ciude diphtherial to\oid have been processed The 
method given below has been found repioducible and lends itself well to 
/large scale production 

In a preliminary note (13), two methods weie given foi the purification 
of diphtherial toxoid The fii-st step m these processes w'as identical and 
has been described aboie However, in iMethod I, which has now been 
discarded, the porphyiins and the substantial quantity of bacterial proteins 
were removed by adsorption on asbestos in the presence of glycme This 
proceduie was lengthy and inconvenient, since it mvolved subsequent 
dialysis and multiple diyings from the frozen state The method given 
below eliminates these objections and is employed loutmely However, 
work IS in progress to impiove even this pioceduie 

Piinjication of Diphtherial Toxoid^ 

In Step I pH 4 9, 40 per cent methanol, ionic strength 0 09, temperature 
—5° were employed 1 volume of diphtheiial toxoid previously chiUed 
to 1° IS adjusted to pH 4 9 ± 0 05 w'lth acetate buffer of pH 4 and ionic 

^ Diphtherial toxin is irreversibly inactivated by the above procedures The 
tbxin 13 extremely sensitive to hydrogen ion concentrations greater than pH 6 0 
(1, 2) However, the combination of formaldehyde mth the toxin results in a toxoid 
protein which is stable under the above conditions Work is in progress on the 
nature and mechamsm of this stabilization 
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strength 0 4 The mivtuie is chilled to —5° and the calculated amoiiBt 
of methanol (measured at —5° and dulled to —20°) is added mthstimog 
to a final concentiation of 40 per cent methanol The temperature i: 
maintained at —5° After standing foi 24 hours, the precipitate is 
lected at —5°, dissolved to one-tenth of the original paient tovoid volume 
vvath 0 15 VI sodium acetate at 0°, and labeled Fiaction PI 
In (Step 11 pH 5 8, 40 pei cent methanol, ionic stiength 0 09, temperature 
— 5° vv ere employed Fraction PI is adjusted to pH 5 8 ± 0 05 with acetic 

acid and chilled to —5° Methanol (measured at —5° and dulled to 
—20°) IS added to Fiaction PI to a final concentration of 40 per cent 
The tempeiatuie is maintained at —5° The nuxture is allowed to stand 
for 24 hours, aftei which the precipitate is collected at —5°, dissolved to 
one-forticth the ongmal paicnt toxoid volume vvath 0 15 vi sodium acetate 
at —3°, and labeled Fiaction PII 
In (Step 111 the conditions were pH 4 0, 5 per cent methanol, ionic 
strength 0 05, tempeiature —3° Fraction PII is lapidiy adjusted with 
staring to pH 3 95 to 4 0 with acetic acid at —2° 2 volumes of 7 5 per 

cent methanol (—3°) aie then added and the mixture is stmed tor 2houis 
at —2° The piccipitate is then collected at —2° and discarded The 
supernatant is stoied at —2° and labeled Fraction Sill 
In /Step IV pH 4 4, 30 per cent methanol, ionic stiength 0 06, 
tuie —5° vveie emplojcd Fiaction Sill is carefullj adjusted topH4_^ 
with XaOH at —3° ® The inixtuie is chilled to —5° ancl sufficient met - 
anol previously chilled to —20° is added to bung tlie final concentratwQ 
to 30 per cent The tempcratuio is mamtained at —5° or lower 
raixtme is allowed to stand at —5° foi 4S horns The precipitately 
collected at —5° and dissolved up to one-twentieth of the ongmal pareo 
toxoid vmlume wath 0 15 vi sodium acetate at —2° and labeled Frac ion 


PIV 

In Step V the conditions vveie pH 5 4, 25 per cent methanol, 
stiength 0 06, temperatme —5° Fraction PR' is adjusted to pH 5 
sodium acetate and TsfaOH so that the final ionic strength after t ® 
tion of the methanol wall be 0 06 The mixtiue is then chilled to 
sufficient methanol is added to bring the final concentration to 25 pec^^ ^ 
The temperatme is maintamed at —5° or lowei After standiag 
hours, the precipitate is collected at —5° and dissolved up to one 
of the ongmal paient toxoid volume at 0° vnth eithei jna- . 

phosphate buffeis, oi glycine, depending on its mtended use ^ 

terial is then dned fiom the frozen state to less than 1 per cen 
The dried toxoid may be stoied indefinitely or maj^ be re s 


» pH determined on an ahquot of Fraction Sill diluted 1 2 with water 
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TSSTv or Til ily&iis If the m Ucml is to be sterilized by filtiation, it must 
be dried m the prc'cnce of tert iiu dipolai ions, picfeiably glycine (10) 

^ Tlie iboie proceduie Ins geiieially lesulted m t toxoid fiee of bacterial 
luoteiiis iiid porplij iin IIoMetcr, if adequate puiification is not achieved, 
one oi more ol the ibo\e steps may be lepeated The yield of purified 
toxoul has been about 55 to SO per cent in the fiactionations cained out 
here The puiification iiid jaeld aclueeed at each step aie given in Table 
IV 

The first two stops iii this procedure substantially separate the toxoid 
principle from culture medium and bacterial pioducts Nevertheless, 
fullj 30 per cent of Fraction PII is composed of bacterial protein and 


Table IV 

Degree of Purification and Yield of Diphtherial Toxoid during Fractionation 


FrocUon j 

Lf per mg N 
(average valuca) 

Kf (at SO Lf umts) 

Yierd of 
parent toxoid 

PI 

1 

900 

35-55 

Per ctnt 

90-100 

PII 

1300 

25-40 

90-100 

sni 

ISOO 

25-40 

65- 85 

PIV 

2000 

10-20 

60- 85 

PV 

2100-2200 

10-20 

55- 80 

Parent toxoid 

j 10- 15 

40-65 



porphyrin complexes These substances w^ere removed formerly by ad- 
sorption on asbestos fibeis m the piesence of dipolar ions A compie- 
hensive study of the solubility behavior of this fi action revealed that at 
pll 4 and at 5 pei cent methanol, inert piotems w^eie insoluble, while 
most of the toxoid principle remained in solution The toxoid prmciple 
may then be furthei purified as mdicated undei Steps IV and V, re- 
sulting in a final product containmg over 2100 Lf per mg of mtrogen 
It was noted that removal of the bacterial proteins, etc , at pH 4 also 
resulted in the precipitation of some toxoid This material produced poor 
flocculation of antitoxm and had a Kf of over 6 hours This may indicate 
that the toxoid molecules insoluble at pH 4 are chemically or structurally 
distinct from the toxoid soluble under these conditions Detoxification 
of toxm by formalin may lead to a partial alteration m certain toxoid 
-molecules, or the crude toxin per se may have contained mcomplete or 
degraded molecules If this hypothesis is substantiated, the removal of 
low grade toxoid at this step is desirable and should not be considered a 
true loss In a subsequent publication it wall be showm further that 
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purified to\oid elicits a gi eater antibod}’’ response than does a comparable 
dose of crude toxoid ^ It is also well knoira that cuide toxoid may con 
tain substances Avhich mteifere mth immune response This interference 
may resemble the phenomena of analogue competition encountered i3 
other fields 

Characterization of Purified Diphtherial Toxoid Fi action PV 

Gcneial Pioperiies — Fraction PV is pale yellow m a 1 per cent solution 
m distilled -watei Its chemical composition is summarized in Table V 


Tvblb V 

Chemical Composition of Purified Diphtherial Toxoid 


Constnuenls 

Fraction PV 

Nitrogen, % 

16 6 

Tyrosine 

+++ 

Arginine (guanidine) 

+++ 

Tryptophan 

+ 

Carbohydrate 

- 

Phosphorus 

- 

Sulfur 

— 

Iron 

- 

Cobalt 

“ — 


Table VI 


Properties of Purified Diphtherial Toxoid 


Mobility in veronal buffer, pH S 6, 0 1 ionic strength 
Sedimentation constant, s^, w 


8 1 X Kf’ 

4 6 


Optical rotation, [orln, degrees 
Isoelectric point 
Lf per mg N 
Kfjo, min 

Solubility, 1 8 M (NH0.SO<, pH 7 4 


-45 

4 7 ±01 


2190 

12 

Constant 


it IS 


While puiified diphtheiial toxoid gives the usual protein or 

entiiely lacking in phosphorus, sulfur, cai bohydrate, iron, co > 


poiphyrm 


ical 


Physicochemical Properties — Table VI summarizes the 
character of Fraction PV The toxoid is electrophoietically honio^ 


’ Kekwick and Record (23) have shown that the immumzation of rapidly 

diphtherial toxoid gives rise to two antitoxins The y fraction ^gjognon w 

with toxin, while the /S. fraction flocculates slowly Whether t gj,ll 

related to the presence of two chemically different toxoids, as 
remains obscure Work is in progress to clarify tins possible rela ions 
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(Fig 3) with i moblht^ of S I X 10- m \eional buffei of 0 1 ionic strength 
It pi I So Iho molecules sediment with the same \ clocity, calculated to 
bo 4 G Svedberg units, in the ultracentrifuge Inspection of Fig 4 reveals 
that Fraction PV has constant solubility in 1 S it ammonium sulfate at 



Tio 3 Electropliorclic diagrams for diphtherial toxoid, Fraction PV 



Table VII 


SolubihUj of Fraclton PV in Distilled Water 4s Function of •pH 


pH- 

Lf pptd 

ProteiQ N pptd 


per cent 

per cent 

3 65 

0 


4 35 

30 


4 7 

90 

90 

4 9 

80 

80 

5 1 

50 

50 


* Detenmned on supernatants after equilibration with the precipitates for 18 
hours at 1° 


pH 7 4 and acts as a solid phase of one component The optical rotation 
of —45° compares favorably with that reported for purified toxm (1, 2) 
The isoelectric pomt was estimated from the minimum solubility of both 
the total nitrogen and the combining activity of Fraction PV The 
purified toxoid was adjusted to diffeient hydiogen ion concentrations with 
icetic acid at 0 2 pH mtervals in distilled water at constant volume and 
lemperature The results of this experiment are given in Table VII It 
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Will be noted that, judged by both nitrogen and combining capacity, the 
purified toxoid has a minimum solubility at pH 4 7 ± 0 1 

t^Tiile no claim of absolute pmity is made, Fraction PV satisfies the 
existing criteiia of a pure protem 

Immunologic Euatuattoa— Subsequent papers mil deal with the unmuno- 
logical aspects of pmified diphthenal toxoid It will sufifice here to state 
that the purified samples flocculate sharply and rapidly ivith antitoxin 
and are highly antigenic Fraction PV is not precipitated by an anti- 
Corynebactemim diphtlienae rabbit serum The addition of dipolar ions 
such as glycine alloxxs satisfactory sterile filtration and greatly enhances 
the stability of the purified toxoids 

STnnuna 

hlethods for the separation of diphtherial toxoid in highly punfied state 
with satisfactoiy yields are described The methods consist of a multi- 
phase fractionation system in\ olving methanol as the precipitating agent 
under controlled conditions of pH, ionic strength, protem concentration, 
and temperature 

Diphtherial toxoid has been sepaiated as a homogeneous, water-soluble, 
simple protem with an electrophoietic mobility of 8 1 X 10“® m veronal 
buffer of 0 1 ionic strength at pH 8 6 and mth a sedimentation constant 
of 4 6 Svedberg units The preparation has constant solubility and 
satisfies the existing catena for a pure protein The purified toxoid 
contams no sulfur, phosphorus, carbohjdiate, iron, cobalt, or porphjrin 
The purified chphtherial toxoid does not precipitate a.nti-Coryiichac- 
tenum dvphihenac rabbit seium The final product contains betiicen 
2000 and 2200 Lf per mg of niti ogen It pi oduces sharp flocculation of 
antitoxin, mth a maiked deciease m the flocculation time compared 
with ciude toxoid 
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THE REL VnON OF THE DIET TO THE COMPOSITION 
OF TISSUE PHOSPHOLIPIDES 

\ II LI I Lcrs OF LAC TOSL CO.NT VIMNG DIETS* 

CVMILLOAIITOM vm) WILLI CM H FISILMANt 

(hrom Ihc Department of Biochemistry, Bowman Gray Sehool of Medicine, 

II (lie I orcst College, Winston Salem, Aorth Carolina) 

(Ilcc(,ivt<l for publication, July 10, 1047) 

In the previous papers of tins senes (2, 3) the carbohydrate component 
(dextnn-sucrose 1 1) of the e\perimental diets was maintained constant, 
while the effect on liver hpides of vanous nutnents was bemg studied 
Later, it seemed logical to study the effects of altenng the nature of the 
dietary carbohydrate 

Prehminary results obtamed in experiments m which lactose was the 
sole carbohydrate in the diets were reported in 1944 (4) In contrast to 
the controls on the low fat, sucrose-dextrin diet, which showed a marked fat 
infiltration of the liver, only moderate amounts of fats were found in the 
hvers of the rats on the lactose-contaimng diets The lecithin levels were 
also frequently not as low as m the controls iMoreover, the effectiveness 
of cholme supplementation in reducing the fat infiltration and m raismg 
the lecithm level in the hvei appeared greater in the animals on the lactose 
diets However, these rats exhibited profuse diarrhea, anorexia, marked 
loss in weight, and, although no deaths occurred during the experimental 
period, they looked defimtely ill Similar findings with high lactose diets 
have since been described by others (5-8) 

It was found that by replacing only sucrose with lactose m the diet, the 
animals remained m good health By this modification, the mterpretation 
of the data was made somewhat simplei since the hpides were under the 
mfluence of one less vanable (absence of dextrin) In the course of the 
study, the question arose whether or not lactose had hpotropic properties 
m animals in which the fatty liver was produced by a high fat rather than 
by a high carbohydrate ration 

In the present paper, data are presented concermng the effects on 
liver hpides of lactose-contaimng diets of variable fat content The 
possible mechamsms by which the substitution of lactose for sucrose of the 
diet produces its effects are pomted out and discussed 

* Aided by a grant from the John and Mary R Markle Foundation A prehminary 
report has appeared (1) 

t Present address. Department of Surgery of the University of Chicago, Chicago 
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EXPERIMENTAL 

Each experimental group consisted of three or four male albmo rats 
raised on our stock diet to 100 to 110 gm of body weight The compo- 
sition of the expenmental diets is recorded in Table I The conditions of 
the various experiments duphcated those of the experunents reported m 
our previous papers (2, 3) That is (a) the ammals were transferred from 
the stock diet directly to the sucrose- or lactose-contaimng diets and mam- 


Tvble I 

Composilion of Experimental Diets* 


The values are in per cent of drj weight 


Diet No 

Sucrose 

Lactoset 

Dextria 

Glucose 

Maltose 

Galactose 

Cnsco 


37 


37 




5 



37 

37 




5 


27 


27 




25 



27 

27 




25 


54 






2o 



54 





25 




54 




25 





54 

54 

54 

2o 

25 

25 


* In addition to the above components, all experimental diets contained 
(Labco, vitamin-free) 10 per cent, cod liver oil 5 per cent, a salt mixture (t« o™ 
and Mendel (9)) 4 per cent, and a cellulosic material (Ruffex) 2 per cent 
vitamins in the amounts previously indicated (3) and , in the experiments ith c o i 
supplementation, also choline hydrochloride (50 mg per rat) were iicorpora e 
the daily rations 

t The lactose used in the preparation of Diets 8, 10, and 9 was U S r , 

(Merck) Diets 9a and 9b were identical to Diet 9 except that in Diet 9o this 
has been submitted to four recrystallizations (two from water and two from 
cent ethyl alcohol) and in Diet 96, lactose c p (Baker) was emplojed 


tamed on these diets for 12 days (“12 day experiments”)) or (&) t 
were first transferred for 7 days to one of the sucrose-dextnn diets, ^ 
mamtamed for 12 more days on either the same diet or the lactose s 
stituted diet (“7 + 12 day experiments”), or (c) and (d) the con 
the experiments were similar to those desenbed under (o) W 
tively, except that durmg the (last) 12 days chohne hydrochloride ^ 
per rat per day) was added to the diets (Tables II and III) ^ 
some prehmmary experiments are mcluded m which vanous carbo ^ 
were substituted for both the sucrose and dextrm m high 
IV) Procedures and analytical methods have been desenbed ( ; 
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T^blb II 

Ljfccls 0(1 Lncr Ltpidca of SubsMuhng Lactose for Sucrose in Experimental Diets 


Ltpuii V vluca in mg per 1 gni of moist lipide-frec tissue 


Eipcn 

meat 

No 

No ol 
rats and 
amh to 

O 

u 

p 

w 

*5 

e 

2 

e 

u 

CI4 

1 

•5 

a 

y 

w 

n 

c 

V 

tm 

u 

1 

u 

M 

3 

a 

1 

a 

a 

ChiDRC 
in body 
eight 

1 

0 

tj 

> 

Total 

hpides 

i 

3 

0 

Imt 

hosphoUpid 

Cholme- 

cODtammg 

to 

Q 

5 

5 

a 

8 

U 

C3 

0 

•3 

ca 

ll 

Non pbospholipidc fatty acids 

u 

V 

eS 

a 

i> 

2 

a 

*3 

a 

g. 

ot 

¥i 


Q. 

3 2 

On3 

3 a 

s-g 

*0 C. 
0 

No choline added to diets 







im 

tm 

cm 

mj 

mg 

ms 

■ 

mg 

mg 

ms 

1 

4 

(2) 

4 


0 

12 4 

+ 12 1 


107 7 

22 s 

12 7 




4 6 

2 

4 

(2) 

s 


37 

9 2 

4-2 1 

m 


23 1 

12 3 

R 



10 1 

3-4’ 

0 

(4) 

4 

10 

0 

12 4 

-H9 3 

5 74 

141 S 

22 7 

11 7 

IS 



8 4 

5* 

4 

(2) 

S 

10 

37 

9 4 

-i-14 7 

5 04 

71 0 

21 4 

11 8 

55 



9 2 

G 

4 

(2) 

11 


0 

s 2 

4-27 2 

6 82 

193 4 

20 6 

11 5 

58 

9 1 

148 0 

10 0 

7 

4 

(2) 

10 

30 

27 

7 3 

-2 4 

5 15 

89 0 

24 8 

14 6 

59 

10 2 

52 5 

6 4 

St 

4 

(2) 

11 

30 

0 

6 3 

-0 8 


320 4 

17 4 

11 1 

64 

6 3 

259 6 

17 8 

9t 

4 

(2) 

10 

30 

27 

5 3 

+1 9 

5 56 

170 2 

26 6 

13 4 


13 2 

121 3 

10 2 


4 

(2) 

lU 

30 

m 

5 6 

+2 9 

Qu 

278 3 

23 9 

11 7 

49 

12 2 

224 0 

8 0 

11.12t 

8 

(4) 


30 

27 

5 G 


5 67 

173 8 

23 3 

12 4 

53 

10 9 

123 9 

14 2 

Choline added to diets 

13 

5 

(2) 


10 

■ 

11 7 

-t-26 6 

5 79 

65 5 

23 6 

16 4 

70 

7 2 

30 6 

8 2 

14-15 

6 

(4) 


10 

37 

12 4 

-M7 7 

4 79 

40 5 

28 7 

18 4 

64 

10 3 

7 4 

3 7 

16-lS* 

14 

(8) 


10 

m 

10 2 

-}-24 6 

5 35 

51 0 

23 2 

13 2 

57 

10 0 

20 6 

4 1 

19 20* 

7 

(4) 

8 

10 

37 

10 0 

-4-24 0 

5 SO 

38 3 

20 5 

14 6 

72 

5 9 

11 1 

5 1 

21* 

4 

(2) 

8t 

10 

37 

7 4 

-f7 0 

5 27 

33 8 

19 7 

13 4 

68 

6 3 

8 8 

4 4 

22 

4 

(2) 

11 

30 

0 

■IIWIll 

-4-40 0 

5 52 

63 8 

23 2 

17 3 

75 

5 9 

29 7 

7 9 

23 

4 

(2) 

m 

30 

27 

6 2 

-3 3 

5 50 

44 6 

26 0 

21 9 

84 

4 1 

9 7 

7 9 

24t 

4 

(2) 

11 

30 

■ 

7 4 

-4-12 6 

5 61 

72 5 

21 1 

17 9 

85 

3 2 

41 3 

6 0 

25 26t 

7 

(4) 

10 

30 

27? 

5 6 

-0 5 

5 38 

79 3 

26 8 

24 0 

90 

2 8 

40 9 

7 5 

27t 

4 

(2) 

lit 

30 

m 

6 2 

-4-14 0 

5 94 

141 0 

25 4 

20 8 

82 

4 6 

98 5 

7 2 

28 29t 

8 

(4) 

lot 

30 

27] 

4 3 

-5 8 

5 16 

72 8 

23 6 

20 0 

85 

3 6 

37 5 

7 9 


* Prior to the experiments, rats of these groups were maintamed for 7 days on 
Diet 4 

t Prior to the experiments, rats of these groups were maintained for 7 days on 
Diet 11 

t 2 per cent sulfasuxidine was added to the diets, and p aminobenzoic acid w-as 
emitted from the vitamin nnxture 






























590 


DIET AND PHOSPHOLIPIDES VH 


Results 

The rats on lactose-dextrin diets appealed to be in a good state of nu- 
trition and did not exhibit marked abnormal symptoms Occasionally 
some of them had a mild diairhea and at autopsy a certain degree ol 
distention of the gastrointestinal tiact was noted Usually these rats ate 
less food and grew less well than the lats on suciose-dextrin diets but the 
differences were not constant and often not veiv marked, as shown in 
Table II However, their livers were smaller In Table II the complete 


T\blf III 


Comparison of Changes in Liicr Lipids Induced hg Dietary Lactose and Choline 


The figures express the increase (+) or clecreiso (— ) from the values obtained in 
the corresponding experiments on r its on sucrose dextrin diets (Table 11) 


Duration of experiment 



1 12 days 


7 T U dajs 


Liver liDide fraction 

Nutrient tested 

Lon fat 
(Diet A or 
8) , 

HlsU fat 
(Diet 10 or 
U) j 

1 

Low fat 
(Diet + or 
8) 

High fat 
(Diet 10 or 
11) 

1 

High fat 
(Diet 10 or 
11) with 
sulfa 
suxidue 


Lecithins 




mt 

mi 

mg 

mg 

Choline phospho 

Lactose 

-0 1 

-rS* 1 

-rO 1 

-f2 3 

lipides in 1 gm 

C holme 

-1-3 7 

-j-5 S 

-fl 5 

-fC S 

moist lipide free 
tissue 

Lactose -f 
choline 


-fio 5 

-1-2 9 

-1-12 9 


Neutral f its 


Non-phospholipide 

Lactose 

-40 3 

— 95 5 

-62 2 

-13S 3 

fatty acids in 1 gm 

Choline 

-12 4 

-IIS 3 

-SO 0 

-21S 3 

moist lipide free 

Lactose -f- 

-65 6 

-13S 3 

-S9 5 

-218 7 

tissue 

choline 






data have been arranged so that the results of the control experiments on 
rats on the sucrose-dextrm diets may be compared directly mth the va u 
of the lactose-dextrin expenments recorded m the next hne The 
portant differences observed have been summarized m Table III for 
sake of convemence 

In the expenments without chohne supplementation, the most st 
effect of lactose substitution is a decrease m the values for the total pi ^ 
and especially for the non-phosphohpide fatty acids The ^ 

apparent with both low and high fat diets in experiments of 12 and 
duration 
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When choline was added to the diets, the lipotropic action of this sub- 
stance was dways marked However, at least m most experiments, the 
luers of the animals on the cholmc-supplemented, lactose-substituted 
diets cont lined definitely lower amounts of total hpides and neutral fats 
The rogtil ir occurrcucc of the hpetropic effects of lactose in many expen- 
ments of \arymg construction should be noted, in view of the frequent 
finding 01 1 irge individual i ariations m liver fat which have been encoun- 
tered in imcstigitions of lipotropic factors 


Table It 

L<ft.cts on 1 1 cr Ltjjuh of Subsliluliiig Vartoits C’arbohydralcs for Sucrose and Dextrin 

III Cxpcrimcnlal Diets 


til ihils ii>nt lined oO per cont fat and the rats were tiansferred from the stock 
<iiot to the t\j)i ninciit d diets (ininiediite substitution) Lipide values in mg per 
1 Qt moist lipuic free tissue 










Phospholipidts 









C 

M> 



ChoUnc con 
Uinms 

a 

S 


1 

0 

iC 

s 

1 

1 

M 

es 

rs 

C 

ri 

*0 

o 

O 

a 

a 

Tipe oi caTboh>diate 
m diet 

n 

S 

-a 

o 

s 

2 

rs 

o 

ja 

e 

u 

C 

U 

u 

4 

“2 

C. 

“ri 

O 

H 

o 

f- 


5 5. 
-1 
t s 

r- 

e 

o 

u 

o 

Q 

'o 

A 

u> 

c 

o 

2 

*2 

c. 

O (A 

■P’S 

« a 

o 

§5 

2 

E 

4/ 

2 

rt 

tS 

5 

o 

A 

in 

a 

S? 

G 

4(2) 

n 

feucrosG dextrin 

sm 

S 2 

cm 

+27 2 

sm 

6 S2 

me 

193 4 

m 

20 6 

me 

11 5 

56 

mf 

9 1 

me 

148 0 

mf 

10 0 

30 

3(2) 

17 

bucrosc 

o 7 

+0 7 

7 17 

172 5 

23 6 

12 1 

54 


128 8 

8 2 

31 

4(2) 

13 

Glucose 

8 5 

+11 4 

G 05 

175 3 

20 8 

11 8 

56 8 

m 


6 8 

32 

4(2) 

14 

Maltose 

9 5 

+19 5 

5 75 

195 1 

24 5 

15 2 

62 

9 3 

146 2 

9 8 

33 

3(2) 

18 

Dextrin 

7 6 

+9 3 

7 96 

88 1 

25 1 

15 6 

62 

9 5 

52 4 

5 4 

34 

4(2) 

9 

Lactose, U & P 

5 8 

-7 0 


102 5 

24 4 

11 3 

46 

13 1 


8 7 

35 

4 (21 

9a 

Lactose, U S P, 

5 2 

-3 0 

5 24 

135 7 

23 1 

14 4 

62 

8 7 

92 0 

11 4 

3G 

4(2) 

96 

recrjstallized 
Lactose, c v 

4 S 

-4 S 

4 86 

84 4 

23 0 

14 1 

62 

8 9 


5 8 

37-38 

8(4) 

IG 

Galactose 

6 9 

-20 7 

7 46 

89 3 

27 2 

17 5 

64 

9 7 

50 3 

6 7 


In agreement with our previous observations (3), choline supplemen- 
tation raises the hver lecithm lev el in the animals on low fat sucrose-dextnn 
diets if it IS mitiated immediately (12 day experiments), whereas only 
minimal changes are detectable when the supplementation is preceded by a 
7 day period on the unsupplemented diet (7 -1- 12 day experiments) On 
\ the other hand, chohne supplementation (both immediate and delayed) 
causes a marked increase m the level of hver lecithin in the high fat-sucrose- 
dextrm groups 

Substantially identical effects were observed with chohne-supplemented, 
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lactose-containing diets, but, usually, the increase in hver lecithins was 
more considerable than in the correspondmg exjiernnents ivith sucrose- 
contaimng diets The inclusion of sulfasuxidine m the diets did not alter 
the above findings 

From Table IV, in which various carbohydrates were substituted for 
both the sucrose and the dextrm in the high fat diets, these findmgs may be 
stated The sucrose-, glucose-, and maltose-containing diets produced 
the same degree of hver fat infiltration as m the rats fed sucrose-dextrin 
diets Lecithin values were low wuth the glucose- and sucrose-contaming 
diets but rather elevated m the rats fed the maltose-contaming diet A 
relatively high lecithin level and only moderate amounts of fats were 
found m Experiment 33, m which dextrm represented the sole carbohydrate 
component of the diet The results obtained m the three experunents 
with diets contaimng 54 per cent lactose were essentially the same, although 
lactose with various degrees of purity w as used for each experiment The 
results of these experiments almost duphcate those of Experiment 7 made 
under similar conditions except that a lactose-dextrin diet w'as employed 
In the experiments ivith galactose-contaimng diets, the fatty infiltration 
was m the same range as m the rats on lactose-containing diets, but higher 
values were obtained from the lecithins in the hver It should be pointed 
out that the number of animals studied (Table TV) was small and the data 
should be regarded as suggestive 

From a consideration of all the results, there appears to be a similarity 
in the effects of lactose substitution and of choline supplementation 

DISCUSSION 

The evidence obtained m the present experiments, m which only part of 
the carbohydrate in the diet was represented by lactose, confirms and ex 
tends our preliminary findings on rats fed diets ivith a higher lactose 
content (1, 4) In both studies, the effects of lactose substitution re 
sembled the action of choline by reducing hver fat and by elevating hi er 
lecithin concentiation Low values for total fatty acids in the hvers o 
rats on high lactose and high galactose diets (7) have also been observe 
more recently by others, in young anunals this finding was accompanie 
by the absence of hemoirhagic lesions in the kidneys (8) If nppeer 
therefore that the partial or total substitution of lactose for the ciubo 
hydrate component m low piotein diets causes a definite alleviation of 
symptoms considered characteristic of cholipe deficiency 

The elucidation of the mechanisms by which the substitution of lac o ^ 
for other carbohydrates in the diet produces its effects presents so^^^ 
difficulty Obviously, an attenuation of the symptoms of cholme 
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ficicucy may result from either an increased availabihty of or a decreased 
demand for choline for lipotropic purposes 

It 13 possible that choline or its precursors may have been present as an 
- impurity in the dietary lactose Ilowever, this view is not favored by the 
results of the evperiments in which lactose of different degrees of purifi- 
cation was employed in the preparation of the diet Indeed, the highest 
content of liver fat was observed in the e\periment in which the matenal 
was most carefully purified 

Choline may iiave been manufactured in e\cessive amounts either by 
the intestinal flora or by the animal tissues Thus, considerable changes 
occur in the intestinal flora of animals on lactose-containmg diets and it 
has been shown that these changes may lead to an increased formation of 
certain essential dietary factors (10) It is conceivable that the substi- 
tution of lactose for sucrose could enhance the synthesis of chohne by 
microorganisms m the intestine (perhaps also, the synthesis of some 
unknowTi factor which might be involved in the formation of cholme or m 
its utilization for the formation of liver phospholipides) The experiments 
in w'hich sulfasuxidine w as added to the diet w ere devised m order to test 
this hypothesis, but the results of these experiments are far from con- 
clusive Likewise, we do not have evidence for or against the idea that m 
the rats on lactose-contammg diets more cholme m animal tissues is formed 
by synthesis, or less of it is utilized for non-lipotropic purposes 

A decreased demand for chohne could perhaps best explain the close 
relationship between the growdh of the animals on low cholme diets and 
the degree of fat infiltration in the liver, w hich has been recently empha- 
sized (7, 11) Generally speakmg, such a relationship may be found also 
in our experiments, since most rats on lactose-contammg diets grew less 
than the controls on the sucrose-dextrin diets It should be noted, how- 
ever, that m several instances differences m the rate of growiih between 
rats on the two t 3 ^es of diets and under the same experimental conditions 
were not apparent or w ere only very shght, w^hereas, even m these instances, 
the amounts of fat m the liver of the animals on the lactose-contaimng 
diets were consistently lower (see, for example. Experiments 3-4 and 5, 
8 and 9, 16-18, and 19-20) 

If the substitution of lactose m the diets does not make largei amounts 
of chohne available for hpotropic purposes, the decrease in the fatty 
infiltration may be due to a dimin ished supply of fatty acids to the hver 
An impaired absorption or utfiization of carbohydrates, with a consequent 
decrease m the extent of their conversion to fats, seemed a very hkely 
^explanation for the results of our preliminary experiments m which low fat 
diets with a very high lactose content were employed However, the 
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differences m the degree of fat infiltration caused by the lactose substitution 
are still quite marked m the experiments m which diets with high fat 
content were employed, that is, m a condition m which the formation of 
fats from carbohydrates is certainly not the mam source for the fats 
accumulatmg m the hver Of course, m these experiments the existence 
of differences m the amounts of fats mgested or absorbed should still be 
considered 

In conclusion, it is apparent that none of the available evidence is 
sufficient for accepting or rejectmg any of the mterpretations which ive 
have discussed 

As for the few experiments m which high fat chets containmg vanous 
carbohydrates were employed, our findmgs suggest that the effects of 
lactose substitution are not entirely specific for this carbohydrate, since 
results more or less similar to those obtamed m the experiments with the 
lactose-substituted diet have also been observed with diets containing 
other carbohydrates * On the basis of the results of the experunents mth 
galactose-contaimng diets, it seems not unlikely that the effects of the 
substitution of lactose may be chiefly ascnbed to the galactose moietyof 
its molecule 


SUMMAKY 

The hpide composition of the hver of rats mamtamed on low protein 
diets, m which the carbohydrate component consisted of equal parts ol 
dextrm and sucrose, has been compared with that of the fixer of rats fed 
similar diets except that lactose was substituted for sucrose 

Smaller amounts of neutral fat were found in the fivers from animals on 
lactose-contaming diets than those of the rats on the unsubstituted diets 
The effectiveness of chohne supplementation in reducmg the fat mfiltration 
and m raismg, under certam experimental conditions, the lecithm lex el m 
the hver appears greater in animals maintained on the lactose-contammg 
diets 
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DETERMINATION OF MICRO QUANTITIES OP CITRIC 
ACID IN BIOLOGICAL FLUIDS 
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(/ roin Ihc Pcdialric Research Laboratory, The Jeieish Hospital of Brooklyn, 

A cw } ork) 

(Kcccivcd for publication, July 1, 1017) 

Tile importance of citric acid in carbohydrate metabohsm has become 
increasingly apparent in recent years (1) Howevei, the significance of 
citric levels m human blood in health and disease has been handicapped by 
the lack of suitable method for this determination in small quantities of 
alood Kjrog (2) reports a method for the deteimmation of citric acid m 
J ml of blood by converting it to acetone, distilhng the acetone, and 
allmvmg the distillate to react ivith sabcylaldehyde The procedure is too 
ilaborate for routine determination 

Examination of the literature indicates that two methods have been 
jenerally used in expenmental work by which amounts of the order of 
too 7 could be determined with any degree of accuracy Determination 
>f this amount would correspond to the amount in 7 to 10 ml of whole 
olood Obviously if duplicates and recoveries weie run, the amount taken 
'or one determination would be m excess of 20 ml of blood and would 
iherefore be unpractical for routine studies i 

The two procedures referred to are the Thunberg method (5-11) and the 
centabromoacetone method as developed by several investigators (3, 
L2-19) Thunberg’s method is an enzymatic determination, which is 
subject to many interfering substances, requires elaborate technique, and 
s time-consuming, making it unsuitable for chnical detenmnations on 
arge numbers of bloods Two variations of the second procedure have 
leen reported, both of which make use of the obseiwation of Cahours (20) 
;hat citnc acid yields pentabromoacetone on bromination The penta- 
iromoacetone is then determined either by its coloiimetnc reaction with a 
solution of sodium sulfide (17) or by determination of bromine after the 
lecomposition of the pentabromoacetone with sodium sulfide (16, 18, 19, 
Jl) Pucher’s colorimetric vanation (17) was chosen as lending itself to 
■efinement to micro quantities 

In the colorimetric method desenbed by Pucher the pentabromoacetone 
s extracted with petroleum ether, the petroleum ether is removed in a 

1 Since this paper was written a method for the determination of citric acid, after 
;he method of Kometiani (3) for amounts from 10 to 60 r has been published (4) 
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seoaratoiy funnel, washed, transferred to a second separat^ fuimel.and 
therfotrs developed by addmg sodium sulSde solution The eolor noj 
m the sodium sulfide solution, is separated, the petroleum ether is washed, 
and the washings combmed Pyridme is added to stabilwe the color an . 
the solution is made up to 10 ml and the color read m a P^rich spectro- 
photometer ivith a No 430 m^ filter In this volume the color is not 

intense enough to be used for microanalysis 

A study was first made of the absorption spectrum of this color As 
can be seen from Fig 1, the maximum absorption is at 450 m/i and not a 
430 mja as recommended by Pucher or at 470 m^ as recommended by 



acetone 


Josephson and Forssberg (22) or at 420 m^i as recommended by un 
Leloir (23) None of these investigators reported the absorp 
Approximately 10 per cent mcrease in sensitivity can be obtme 
this wave-length It is to be noted that the extmction coe cien ^ 

E {cm =92 This mdicates t hat for micro appheaton 

h ave to be developed in smal l volum es to work d oi^ n_jo a me ^ — ___ 

for I mL-OLb lopd ^ i. ^^ter 

"Tucher and other mvestigators in this field read the co or , J^tJon 

as a standard In actual practice we find that the sodium su 

itself when read against water never shows 100 per cent cause the 

vanes fiom 89 to 99 per cent It is apparent that this the 

results to vary widely with dilute solutions In this inves 

colors are read against the actual sodium sulfide so u ion 
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fcOtlmiu SiuHiclc bolutionb are clieeked beforehand and any solution reading 
less til ui 95 per cent transmission against watei is rejected 
llic addition of pyridine as recommended by Puclier to stabilize the 
color IS found to be unnecessary Josephson and Foissberg (22) note that 
results by the Pucher method do not stnctly follow Beer’s law and vary 
with the sample of pyridine They therefore substitute redistilled glycerol 
to stabilize the color Hunter and Leloir recommend the addition of 



Fio 2 EfTcct of tcniperaturo on the percentage color loss (time constant, 35 
minutes) 



Pig 3 Effect of time on percentage color loss at constant temperature (10° and 
18°) 

ethylene glycol Our observations mdicate that pyridine does not stabdize 
the color At constant sodium sulfide concentration the stabihty of the 
color seems to depend upon the temperature of the day On cool da 3 ^ 
the color is stable for at least 30 nunutes whether pyndme is added oi not 
It IS not necessary therefore to add aD 3 d;hmg but to keep the temperature 
low This gives the additional advantage that the color may be developed 
in smaller volumes Fig 2 shows the effect of temperature on the stabihty 
of the color 

Fig 3 shows the effect of time on the loss m intensity of color The 
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time IS plotted against the percentage loss at constant temperature It is 
apparent that the color should be read ivithin 25 minutes after color 
development at 18° oi between 15 and 60 minutes if developed at 10° It 
inll be noted that at low temper atures the color does not fully develop 
until about 15 minutes have elapsed In view of these observations the 
sodium sulfide solution is kept in the refrigerator before use The pe- 
troleum ether containing the pentabromoacetone is cooled to refrigerator 
temperature before the sodium sulfide is added Subsequent operations 
are designed to keep the terapeiature below 15° 

By reading the colors at 450 m/i as compared to 650 m^ (where the 
absorption should be nil, see Fig 1) it became apparent that an opalescence 
was present which caused errors as high as 100 per cent in dilute solutions 
While this opalescence was apparent, once we knew of its existence, it 
could be easily overlooked This opalescence can be eliminated by centn- 
fugmg at 2000 r p m It is probably caused by emulsification of the pe- 
troleum ether ivith the sodium sulfide solution 
Several investigators have noted that the grade of petroleum ether is 
important This difficulty is eliminated by puiifying the petroleum ether 
with concentrated sulfuric acid and potassium permanganate, drying over 
anhydrous potassium carbonate, and then distilhng 
The opalescence, lack of temperature control, and impurity of the 
petroleum ether could easily account foi the variations described by Joseph- . 
son and Hunter 


In Older to shorten the time of the operation and m order to be able to 
develop the colei's m smaller volumes, it uas decided to chminatethe 
separatory funnels The pioceduie is transferred, therefore, to glass- 
stoppered test-tubes All ii askings are also eliminated by taking aliquots 
of the petroleum ether In oidei to facilitate the taking of aliquots and 
to minimize losses due to evaporation, a higher boilmg petroleum ether 
fraction (90-100°) is used ii-Heptane, b p 96-97°, may be purchased 


and used without puiification 

In taking ahquots, it is necessaiy to centiifuge doivn the water adheringto 
the sides of the test-tubes By this pi ocedure a petroleum ether aliquot free 
of the aqueous layei is obtained Since the solubihty of u ater m high bm 
mg petroleum ethei is ml, the petroleum ether aliquot can be considered iie 
of the lower layer and no washmgs are necessary The ahquot is 
ferred to a second tube having a ground glass stopper A desned , 

sodium sulfide is now added to develop the coloi 3 5 ml are added 
color IS to be read in the Coleman spectiophotometer or 1 ml or less 
IS to be read in the Beckman spectiophotometer, dependmg upon 


choice of the micio cuvettes employed ,, 

It IS of interest to note at this point that this techmque can usu y 
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applied to any method m which sepaiatory fimucL are used and washings 
aic necessary By use of tcst-tubcs tentiifugiug is simphfied and a better 
scp iration of phases is obtained 

When the Golem m spcctiophotometei is employed, special tubes with a 
5 cm light path, containing 3 ml of liquid, are used These were designed 
by A E Sobcl foi his vit umu A method ^ These tubes are 5 cm horizontal 
absorption tubes adapted to the Coleman spectiophotometer Their 
c ip icity lb 3 0 ml Foi c\ti iction 15 cm Pyre\ test-tubes with groimd glass 
stoppers and marks at 2, 3, and 5 ml were used These marks may be 
scratched on by the iiucstigator since the volumes aie not cntical 
With these impro\ ements the method is easily applicable to 1 ml of whole 
blood if the Coleman spectrophotometer is used or 0 3 ml of whole blood 
mth the Beckman spectrophotometer Correspondingly smaller quantities 
of serum and plasma may be used, foi serum and plasma have higher 
concentrations of citric acid than whole blood 2 to 60 7 of citric acid are 
coinemently detei mined on the Beckman spectrophotometer and from 
5 to 60 7 on the Coleman spectrophotometer m the standard solutions 

Methods 

Reagents — 

Citric acid Stock solution, 1 ml = 1 mg of anliydrous citric acid 
(analytical reagent) 

H2SO4, 18 N (analytical reagent) 

Bromme water, saturated (analytical reagent) 

Potassium bromide, 1 ji (analytical reagent) 

Hydrogen peroxide, 6 per cent, obtained by dilutmg 10 ml of 30 per cent 
HaOs (analytical reagent) wth 500 ml of water This solution should be 
kept in a refrigerator 

Sodium sulfide, 4 per cent solution, 40 gm Sodium sulfide crystals, 
NaaS QHoO (analytical reagent), are diluted to 1000 ml The solution 
should read 95 per cent transmission 01 better in a Coleman spectro- 
photometer against water at 450 m;i When the sodium sulfide solution 
reads less than 95 per cent transmission, it should be discarded and a new 
solution prepaied This solution is kept m a refiigerator 
Petroleum ether, b p 90-100° The commercial peti oleum ether must 
be purified by the folloiving procedure About 700 ml of petroleum ether 
are shaken ivith about 100 ml of concentrated HaS 04 m a 1 hter separatory 
funnel and allowed to stand overnight The H 2 SO 4 is drawn off The 
petroleum ether is then washed three tunes with 50 ml portions of H 2 SO 4 
It IS now washed with 100 ml of water several times The petroleum ether 
IS then shaken with a saturated solution of E[Mn 04 , made up m 0 5 H 2 SO 4 , 


2 Private communication 
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biological fluid with this curve, the results obtained must be multiplied by 
6/5 because origmally a five-si\ths aliquot w as taken of the trichloroacetic 
acid filtrate The curve as plotted from determmations on known amounts 
of citric acid actually represents only four-fifths of the total amount o 
citric acid present This is so because a four-fifths aliquot of the petroleum 
ether, which contams the pentabromoacetone, is taken Smce the same 
procedure is followed on the trichloroacetic acid ahciuot of the biological 
material, the results may be directly lead from the curve for the ahquo 

Residts 

The method was apphed to whole blood, serum, plasma, and 
For plasma the fresh blood is drawn into a paraffined tube and centrifuge 
while packed m ice This was done to decide whether, for convenience, 
serum could be used routinely 


Tvble I 

Deternnnalion oj Citric Acid in, Whole Blood, Scrum, Plasma, and Urine 


Sample 

No 

Whole blood 

\Vhole blood 
reco\ery* 

Serum 

Plasma ' 

Urine 

Urine 

recovery* 

Whole blood 
to plasma 
ratio 


mg per cent 

per cent 

mg per cent 

m* per cent 

mg per cent 

per eeni 

0 677 - 

1 

1 30 

99 

1 92 

1 92 

125 0 

iq 

2 

1 47 

95 

2 15 

2 16 

41 0 

J5 

0 6in 

3 

1 46 

97 

2 19 

2 19 

72 5 

100 

0 667 

4 

1 67 

93 

2 60 

2 50 

101 0 

97 

0 Wo 

5 

1 60 

97 

2 33 

2 39 

46 0 

95 

0 Vfri 


* 0 2 mg of citnc acid added (this is equivalent to increasing the blood cit 
acid by 2 mg per cent and the urine citric acid bj 100 mg per cent) 


Table I mdicates some results on a senes of determmations on 
samples of whole blood, serum, plasma, and urme Each 
average of dupheates The results obtamed on dupheates vane 
each other from 0 to 3 per cent 

It IS apparent that for chnical determmations the method is a 
The values for normal serum fall withm a range desenbed by 
(24) It IS of mterest to note that serum and plasma show shght van^ 
withm the experimental error The clottmg mechanism therefore 
remove appreciable amounts of citnc acid The ratio of the cone 
of citric acid in whole blood to plasma is fairly constant at 64 to o P 
This would indicate that substantially all the citric acid is m 
The hematocrit, as usually measured, gives a value of about ^ ^^^ti 

If there were no citnc acid in the cells, the whole blood to p s 
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would be appro\unately 0 60 This is distinct from the observations on 
dogs, w Inch have an appreciable amount of citric acid in the red cells (17) 
Xoidbo and Schersten (25) report that human red blood cells contain 
^ 'liracticall}’- no citric acid For routine determinations serum determina- 
tions are therefoic recommended 

Xo relationship is apparent between the citric acid concentration m 
urine and serum Tins is m accordance wath the observations of Ostberg 
(26) and Lindquist (27) Concentrations m the urme are from 20 to 60 
times the concentration m blood The kidney apparently concentrates 
the citric acid The e\cretion of citric acid in a 24 hour period is of the 
order of 1 to 1 5 gm 

The recoveries indicate that the method is accurate writhm 5 per cent for 
biological flmds 


SUIIM/VRY 

1 A method is described for the determmation of citric acid m 1 ml of 
w hole blood, plasma, and serum, and 0 02 ml of urme 

2 By this method amounts of the order of 2 to 60 7 of citric acid can be 
determined wath an accuracy of 5 per cent 

3 The method is rapid and requires only the usual apparatus found in 
a well equipped laboratory At least tw^enty determmations can be 
completed m a vvorkmg day 

4 The distnbution of citric acid betw^een whole blood, plasma, and 
serum was measured This distribution indicates that practically all of 
the citric acid is in the plasma or serum The clottmg mechamsm does not 
remove a measurable amount of citric acid from the serum 

5 No relationship was observed between the citric acid concentration 
in blood and unne 
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gm had to be excluded because the diaphragms were too thick to alloir 
complete oxygen diffusion 

Production of Diabetes — ^The rats were fasted 24 hours, then injected in- 
travenously with 50 to 60 mg per kilo of alloxan monohydrate (IJastmar 
Kodak), the drug was employed as a fresh 5 per cent solution in vater 
ether anesthesia to immobilize the rats was found to expedite the mjections 
After mjection, the animals were returned to the stock diet, with watei 
to drink Blood sugars v ere obtained on the fed animals at 48 hours and; 


Table I 


Blood Sugar Values Obtained after Intraienous Administration of 50 toSOMg per 
of Alloxan Monohydrate to Rats of inhcuscr-Busch ( IB) 
and Sprague Dawley {SD) Strains 


Strain 

Range of blood 

Per cent of raU found m each blood sugar group* 

sugar values 

Fed 

Fasting 

AB 

ms percent 

0- 90 

2 (1) 

S (3) 


100-299 

300-499 

0 

51 (26) 

30 (12) 

53 (21) 


500-699 

36 (17) 

5 (2) 


700-S99 

6 (3) 

2 (1) 


900 up 

2 (2) 

2 (1) 

SD 

0- 99 

3 (1) 

27 (8) 


100-299 

S (3) 

53 (16) 


300-499 

31 (12) 

13 (4) 


500-699 

3S (15) 

7 (2) 


700-S99 

15 (6) 

0 


900 up 

5 (2) 

0 


* The figures m parentheses give the actual number of r Us The total number 
of fasting animals is less than the total of fed animals because of loos during fasting 


after a 16 to 20 hour fast, at 72 hours after injection Blood 
fed and fasted animals veie determined occasionally thereafter until 8 
animals were killed, the blood sugai values given in the tables for 
animals are those obtamed on the day the animal was killed for use o 
diaphragm 

The blood sugar values obtained upon all surviving rats given 50 o 
mg per kilo of alloxan monohydrate are summarized m Table I 

There are apparently diffeiences in the suceptibihty of different s 
of rats to alloxan, as shown by the blood sugar levels during fastmg 
differences are less marked when the blood sugars of fed animals are 
pared This would mdicate that blood sugar determmations on e ^ 
mals are not an adequate critenon of the severity of alloxan dia 
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rats This point is perhaps worth stressing, as blood sugars of alloxan- 
treitcd ratb are almost m\ar]ably leported in the literature for the fed 
anini ils 

Blootl bugaib were determined in duplicate on 0 05 ml samples obtained 
from the t ulb ot unancsthetized animals The blood was allowed to drop 
on 1 , chilled w itch-glasb, fiom i\hich it could be readily pipetted without 
clotting -\jialjsc3 were performed by the j^elson method (4) with a 540 
iiiM hitcr and the Uett-Summerson photoelectric colonmeter 

Removal of Adrenals — ^Each rat received 10 mg of atropme sulfate m 0 5 
ml of 0 9 per cent sodium chloride solution subcutaneously, this dose, given 
30 to 120 minutes prior to operation, ivas found useful m reducing respira- 
tory complications produced by ether 
Bilateral adrenalectomy w as performed undei ether anesthesia accordmg 
to the technique desciibed hy Ingle and Griffith (5) The animals were 
then gi\ en the stock diet, with 1 per cent sodium chloride solution to drink, 
until killed 

Adrenalectomy of the diabetic rats was follow ed by a fall of the blood 
sugar of the fed animals from 300 to 800 to about 200 to 400 mg per cent, 
these diabetic-adrenalectomized rats could not be safely fasted for 16 to 20 
hours, as they tended to die of hypoglycemia On this account, a fasting 
penod of 6 hours w as employed, m this period the blood sugar fell to normal 
values or below', in contrast to the blood sugar of more than 300 mg per 
cent aftei a fast of 16 to 20 hours m the same diabetic animals prior to 
adrenalectomy 

Suspension Medium for Diaphragms — Krebs-Henseleit solution (6) was 
used m all e\peiiraents This was chosen because of its similarity to ex- 
tracellular flmd wnth respect to ionic content In all experiments, except 
those specifically noted, the gas phase w'as 95 per cent o\ygen-5 per cent 
carbon dioxide, giving an initial pH of 7 4 to the medium 
Gemmill and Hamman (7) found that the glucose utilization by rat dia- 
phragm was higher with 300 or 500 mg pei cent of glucose m the medium 
than -with 200 mg per cent, they also found that the absolute increase m 
glucose utihzation produced by insuhn was somewhat larger at 300 or 500 
mg per cent than at 200 mg per cent 

For the present investigation, two concentrations of glucose were tried, 
100 and 200 mg per cent Although the late of glucose utihzation and 
the effect of insuhn tended to be somewhat higher at 200 than at 100 mg 
per cent, the low er concentration was chosen for most of the experiments 
in order to compare rates of glucose utihzation at a substrate concentration 
corresponding to the normal blood sugar level To allow the stimulation 
by insuhn to be demonstrated clearly, the weight of the diaphragm sample 
was limited to about 30 mg so that the sugar concentration m the medium 
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would not fall below 50 mg per cent at the end of the incubation penod 
In addition, a few e\periments were run at 200 mg per cent 
The solutions contaimng insulin were prepared by dilutmg 0 1 ml of com- 
mercial (80 umts per ml ) iletin (msuhn, Lilly) mth 8 ml of ice-cold me- 
dium Control experiments showed that the 0 2 per cent phenol contamed 
m the origmal insulin solution was sufficiently diluted in the final analytes 
so as not to give a color \vith the phosphomolybdate used in the glucoae 
determmations The final concentration of msuhn to which the tissue nas 
exposed was 0 05 mg per ml , v hich is approximately 1 umt per ml 
Procedure for Handling Diaphragms — ^After the animals v ere stunned, the 
diaphragm was removed and immeised immediately in ice-cold Ifrebs 
Henseleit solution previously equilibrated with 95 per cent oxygen-S per 
cent carbon dioxide and contaming 100 mg per cent of glucose, durmg 
this operation, stretchmg and handlmg of the diaphragm \sere kept at a 
min imum and care was taken to avoid the bleeding which results from 


puncturing the posterior vena cava or the liver 

The muscle of the diaphragm ivas trimmed to remove the central tendon 
and the extremely thm muscle at the periphery Each half of the dia- 
phragm was then cut lengthmse to yneld two pieces and agam subdivided 
when necessary 

Each piece was blotted separately, weighed on a torsion balance, and 
transferred to the chilled meffium contamed m the side arm of a 'Warburg 
vessel or m a small round bottom cyhndrical vessel prepared for the purpose 
by seahng off one end of a 5 cm length of 16 mm Pyrex tubing The 
medium (0 35 to 0 36 ml ) was previously placed in the vessels bj’’ meaM 
of a Lang-Levy micro pipette, micro pipettes dehvering 0 09 to 0 115 
were used for the samphng at the end of the experiment The vessels con 
taming medium and tissue were next attached to Warburg manometers, 
equihbrated with the gas phase, placed in a bath at 37°, and shaken or 
2 hours at 96 cycles per minute At the end of the 2 hour period, t a 
vessels were removed, stoppered, and chilled m ice w ater , 

For analysis of residual glucose m the medium, duphcate ® ? n o 

ml ahquots were pipetted mto 1 5 ml of water and precipitated ivitn 
ml each of banum hydroxide and zmc sulfate, 1 0 ml samples of the filhn 
w'ere analyzed by the Nelson method Samples of the original mediuin 
were earned through the analysis concurrently, and the glucose utilize w 
was determmed by difference In order to appraise the significance o ^ 
differences m glucose utihzation between diaphragms from , ^3 

of ammals,- the results were analyzed statistically by standard proce ur ^ 
The values of P were taken from the Fisher ( table (8), accordmg o 

^ The experiments on different groups of animals were carried out 
dates in order to minimize accidental variations in preexperimental condi i 
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method of expression, a value of P = 0 01 means that the difference ob- 
served would occur by chance only once in a hundred trials, etc 

Since the blood sugxr of the diabetic rats was so much higher than that 
of the normal rats, there was the possibility that extra glucose m the diabetic 
di iphragms might lead to an underestimation of the rate of glucose utiliza- 
tion Accordinglj’’, the free sugar content was determined m the dia- 
phragms of both normal and diabetic animals After being chilled as usual 
in ice-cold medium contaimng 100 mg per cent of glucose, the tissue was 
blotted, i\eighed, and thoroughly ground with sand m a known volume 
of nater, this was followed by precipitation of protein mth barium hy- 
droxide and zinc sulfate The clear filtrate was then analyzed by the Nel- 
son method Four normal diaphragms contained an average of 0 40 7 of 
glucose per mg of u ct tissue, u hile five diabetic diaphragms (from animals 
wnth blood sugars ranging from 3S0 to 920 mg per cent) contained an 
average of 0 39 7 of glucose pei mg of wet tissue Thus, owmg to the 
preliminary ashing, no extra sugar was carried over by the diabetic dia- 
phragms into the suspension medium 

Results 

AJl rates of glucose utilization are expressed as mg per gm of wet dia- 
phragm per houi An imtial glucose concentration of 100 mg per cent in 
the suspension medium was employed for all experiments reported m the 
tables Tests of the sigmficance of differences between the rates for the 
various groups of diaphragms are summarized with the data in the appro- 
priate tables 

Diaphragms from Normal Rais — The mean rate of glucose utilization was 
found to be 1 93 mg per gm without insuhn and 2 47 ivith insuhn (Table 
II) When expressed m the same units as are used here, the values ob- 
tained by Stadie (9) at 100 mg per cent imtial glucose were 1 91 without 
insuhn and 3 48 mth insulin The corresponding values obtamed by Gem- 
mill and H amm an (7) at 200 mg per cent imtial glucose were 1 80 and 3 44 
The reason for the smaller insuhn stimulation here observed is not known, 
but may he m the difference m lomc content of the suspension media, 
Stadie used a “sahne-phosphate” solution, Gemmill used a magnesium-free 
solution buffered with phosphate, m the present experiments, the solution 
contained magnesium m approximately the concentration found m extra- 
cellular flmd, and was buffered with carbon dioxide-bicarbonate 

Since the same diaphragm was cut into a number of pieces, some of which 
served as controls, while others were used foi the measurement of stimula- 
tion by insuhn, it was of importance to find out how much variation m 
glucose uptake was observed among individual pieces Data bearing on 
this pomt are included m Tables II and III, they show that the method 
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of cutting the diaphragm mto a numbei of pieces introduces no senous 
error and is useful for testmg the effect of addition of various substances 
One diaphragm from a normal rat, in which 95 per cent N»-5 per cent 
COo instead of 95 pei cent O 2-5 per cent CO 2 was used as the gas phase, 
showed a very low rate of glucose utilization, approximately 10 per cent 
of the rate m oxygen 


T\ble II 

Glucose Upiale by Diaphragms of Aormal Rais 
Each line gives measurements on diaphragm from one r it The number m paren 
theses gives the number of pieces from each diaphragm used 111 parallel evperinients 
Each piece uas run separateli and the \ dues obtained uere averaged The stand 
ard deviation is included vhen more thin two jnetes were used 


Rat No 

Strain 

Fasted (Fa ) or fed 
(F ) prior to use 

Glucose uptaVc, mg pergm wet tissue per hr 

In glucose 

In glucose T 
insulio 

1 


F 

2 13 (S) i 0 06* 


2 

1 1 

Fa 

2 40 (7) ± 0 04* 


3 

« ( 

F 

2 34 (2) 

3 52 (2) 

4 

( 

.< 

1 52 (0) ± 0 OS* 


5 

SD 

4i 

2 IS (0) i 0 12* 


6 


Fa 

2 IS (2) 

2 57 (2) 

7 

4( 

r 

1 71 (2) 

2 54 (2) 

8 

4B 

Fa 

1 5S (2) 

1 5S(1) 

9 

« i 

it 

1 43 (2) 

1 72 (2) 

10 

H 

H 

1 91 (2) 

2 38 (2) 

11 

a 


1 9S (2) 

3 14 (1) 

12 

i i 

H 

2 01 (2) 

2 64 (1) 

13 


it 

1 01 (2) 

2 09 (2) 

Mean 

1 93 

2 47 


Test for sigmficance of insulin stimulation (pair comparison), t — 
* Standard deviation 


Diaphragms from Diabetic Rais — ^The rate of glucose utihzation by 
phragms from diabetic, Stiam AB, rats vas found to depend 
verity of the diabetes Diaphragms from rats which had 
below 200 mg per cent in the fasted state were normal with respec 
rate of glucose utilization, ivhile eveiy chaphragm from a rat with j, 
blood sugar above 300 mg pei cent exhibited a depressed rate (Tab e 
The mean value for tw^elve animals of this latter group was 0 80, a e 
of 59 per cent m the rate of sugar utihzation Adchtion of msuhn 
the rate of utihzation by diabetic diaphragm to 1 38 mg 
represented an absolute stimulation of 0 58 mg per gm per hour, a 
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pared to an absolute stimulation of 0 54 mg per gm per hour with normal 
diaphragm 

The fact that the diabetic chaphragm treated wath insuhn used less glu- 
i^cose than the normal diaphragm raised the question of the total hexokinase 

Tvble III 

Glucose bplake by Diaphragms of Diabetic Rats, Strain AB 
The conventions and abbreviations arc the same as in Table II The animals 
were fasted for 16 to 20 hours prior to the experiment 


Da>5 after al 
loxaa lajectioa 

Blood sugar 

Glucose uptake mg pergm wet tissue per hr 

Fed 

Fasting 

In glucose 

In §Iucose 'f- 
insulm 


Group A Rats mth fasting blood sugars of 300 mg % or more and 
depressed glucose uptake 




ms pirant 

ms percent 



1 

3 

592 


0 85 (6) ± 0 04* 


2 

3 

441 

400 

0 88 (8) ± 0 04* 


3 

3 

1000 


0 45 (6) ± 0 04* 


4 

3 

5S4 


0 92 (6) ± 0 08* 


5 

3 

4GS 

336 

0 76 (2) 

1 16 (2) 

G 

3 

512 

336 

0 73 (2) 

1 26 (2) 

7 

3 

540 

412 

0 88 (2) 

1 35 (2) 

S 

5 

696 

412 

1 00 (2) 

1 40 (2) 

0 

5 

45G 

360 

0 46 (2) 

1 33 (2) 

10 

. 3 

680 

720 

0 60 (2) 

1 18 (2) 

11 

4 

540 

344 

1 06 (2) 

1 37 (2) 

12 

4 

5S0 

428 

1 00 (2) 

1 95 (2) 

Mean 

0 80 

1 38 


Test for sigmficance of insulin stimulation (pair comparison) t 6 8, P < 0 001 
“ “ “ “ difference between mean for normal diaphragm (without 

insulin) and mean for diabetic diaphragms of Group A (without insulin) 
no 3, R < 0 001 ^ 


Group B Rats with fasting blood sugars below 300 mg % 



15 

376 

152 


1 99 (2) 



440 

92 


2 14 (2) 


* Standard deviation 

content of the muscle from alloxan-diabetic rats Leg muscles of five rats 
I (Nos 7, 8, 9, 11, 12, Table III) were ground and thoroughly extracted with 
water, the extract was allowed to stand for about 1 hour at 0° (during 
which an inhibitory factor present m fresh extracts is destroyed (3)) and the 
hexokmase activity tested as desenbed m a previous paper (3) In no in- 
stance was the hexokmase activity below the normal range 
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The rate of glucose utihzation by diaphragms from diabetic rats of Strain 
SD was also dependent upon the seventy of the diabetes but, as stated 
previously, it was difficult to make rats of this strain as severely diabetic 
as those of Stram AB Diaphragms from three out of five animals with 
high blood sugars have shown depressed rates, while diaphragms from five 
animals with fastmg blood sugars between 200 and 300 mg per cent had 
rates which were within the normal range (Table IV) 


Taell. IV 

Glucose Ujital e by Diaphragms of Diabetic Hals, Strain SD 
The conventions and abbreviations are the same as in Tables II and III 



Tune after al 

Blood sugar 

Glucose upLale ms pergra wet 
tissue per hr 


lozan injection 

Fed 

Fasting 

In glucose 

In glucose + 
insulin 


Group A Rats with fasting blood sugars of 300 ing % or more, or depressed glucose 

uptake 




ms per cent 

ms per (cnt 


1 

2 

9b0 


0 03 (5) 

2 

2 

516 


0 30 (2) 

3* 

3 

512 

512 

0 OS (1) 

4 

3 

SSO 

4SS 

2 01 (2) 

5 

10 

400 

400 

1 90 (2) 

Group B Rats 

with fasting blood sugirs below 300 mg 9 

1 

5 

5S0 

■■ 

1 49 (2) 

2 

1 

440 


1 42 (2) 

3 

3 

62S 

HiH 

2 14 (2) 

4 

5 

52S 


1 76 (2) 

5 

4 

lOS 

212 

1 59 (2) 

Mean, Group B 

1 OS 


07 (1) 


Test for significance of insulin stimulation (pair comparison) / b 9, I* Q 10^ 

* This rat was fed high protein diet (11) for 6 dajs, then fasted 24 hours prior O’ 
injection of 50 mg of alloxan monohydiate per kilo 


Diaphrag-tns fiom Seveiely Diabetic Rats Which Weie 
renalectomized — It has been reported (3) that the mhibition ® 
okmase reaction m muscle extracts of diabetic rats is increased ^ 
addition of adrenal cortical extract Conversely, an amelioration o 
betic symptoms in various species has been observed after 
(see Long et al (10) foi review) It was of interest to see vffie ^er^^ 
observation on the whole animal could be duplicated on isolated m 
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Since every diaphragm taken from diabetic, Strain AB, rats with blood 
sugars above 300 mg per cent in the fasting state had shown a sigmficantly 
depressed rate, animals were taken from the same group for adrenalectomy 
(Table V) ' 

-Adrenalectomy was followed by a fall in blood sugar in si\ of seven fed 
animals During even short periods of fasting, there was a marked drop 
in blood sugar in every animal In Rat 2, for example, the blood sugar 

Tidll V 

Glucose L ptakc by Diaphragms of Diabetic- Ulrenaleclomized Rats, Strain AB 
Each rat of this group showed a fasting blood sugar over 300 mg per cent before 
adrcnalectonn Tlic con\cntion3 and abbreviations are the same as in Tables II 
and III 


Rat No 

Qlooil sugar 

Time of use 

Glucose uptake mg pergm 
wet tissue per hr 

Bc^ore adrcnaIcctom> 

After adrenalectomy 

Alter 

After 

adrenalec 

tomy 

In glucose 

In glucose H- 
iDsulm 


Fed 

Fasting 

Fed 

Fasting 

alloxan 


rtt p<r 
<cnt 


mg per 
cent 

per 

cent 

days 

dais 



1 

35G 

■■ 

348 

12* 

12 

3 

2 41 (2) 

3 37 (2) 

2 

41G 

3S0 

296 

40t 

13 

9 

1 98 (2) 

2 38 (2) 

3 

72S 

440 

280 

lost 

13 

9 

2 08 (2) 

1 80 (2) 

4 

G6S 

440 


96t 

8 

3 


3 12 (1) 

0 

32S 

33G 

392 

9St 

10 

4 

1 76 (2) 

2 86 (2) 

6 

OOS 

380 

348 


11 

3 

2 74 (2) 

3 86 (2) 

7 

552 

424 



11 

3 

2 08 (2) 

2 78 (2) 

Mean 

2 18 

2 88 


Test for significance of insulin stimulation (pair comparison) < 3 4, P 0 01 


* Fasted 24 hours, occasional convulsions occurred after this period of fasting 
t Fasted 6 hours, this period was chosen to minimize the loss of ammals which 
was incurred with longer fasting 


fell from 296 to 40 mg per cent after only 6 hours of fastmg, before ad- 
renalectomy, the same animal had a blood sugar of 380 mg per cent after 
20 hours of fasting 

The rate of glucose utihzation in this group was 2 18 mg per gm , as 
compared to the values of 0 80 and 1 93 mg per gm for the diabetic and 
normal groups, respectively Thus, a depressed glucose utihzation m dia- 
phragms from diabetic animals does not persist after adrenalectomy 

Diaphragms from Adrenalectomized Rats — ^The rates of glucose utihzation 
for diaphragms from eight adrenalectomized rats were 2 03 mg per gm 
without insuhn and 2 40 with insulin (Table VI) The rate without insuhn 
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IS very close to that for normal diaphragm No previous measurements 
of glucose utihzation by diaphragm from adrenalectomized animals are 
available, but Koepf, Horn, Gemmill, and Thom (12) stated m an abstract 
that “m a medium of 0 2 per cent glucose, the mcrease m glycogen content 
of the diaphragm of both normal and adrenalectomized rats was of the same 
magmtude ” 


Table VI 

Glucose Lptafc by Diaphragms of Adrenalectomized Rats 


The conventions and abbreviations are the same as in Tables II and III 


Rat >.0 

Strain 

FasUng blood 
sugar after 
adrenalectomy 

Tunc of use 

Glucose uptaie, ms per gm 
■wet tissue per hr 

adrcnalectom> 

In glucose 

In glucose + 
insulin 

1 

SD 

ms per cent 

58 

days 

3 

1 81 (2) 

2 01 (2) 

2 

H 

60 

5 

1 47 (2) 

1 83 (1) 

3 

il 

58 

25 

2 37 (2) 

2 89 (2) 

4 

44 

60 

23 

1 85 (1) 

1 80(1) 

5 

AB 

56 

4 

1 61 (2) 

2 00 (2) 

6 


44 

7 

2 12 (2) 

2 29 (2) 

7 

u 

44 

7 

2 54 (2) 

3 43 (2) 

8 

it 

28 

S 

2 45 (2) 

2 90 (2) 

Mean 




2 03 

2 40 


Test for significance of insulin stimulation (pair comparison) t3 7, P 01X)3 


It is worthy of note that the insuhn stimulation observed with the tiio 
adrenalectomized groups is smaller than that for other groups 

DISCUSSION 

The results reported in this paper show that the isolated diaphragm can 
serve as an indicator of the changes m carbohydrate metabohsm observ ^ 
in the intact animal Severe diabetic hyperglycemia is associated wi 
decreased glucose utilization by the isolated muscle, and amehoratiOT^^ 
diabetes by adrenalectomy is paralleled by a return of the glucose 
zation of the diaphragm to normal ,vg 

For reasons stated in the introduction, the rate of glucose uptake 
isolated diaphragm is a measure of the activity of the hevokinase sy 
It would appear that this system is not fully active in diaphragms 
from either fed or fasted normal rats, smee addition of insuhn mcrease 
glucose uptake 
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In diaphragms of diabetic rats, insulin did not restore glucose utihzation 
to normal Since the total he\okmase content of diabetic muscle, as meas- 
ured in muscle extracts, was found to be within the normal range, the failure 
'of insulin to restore normal utilization in the intact diabetic muscle may- 
be due to unfavorable conditions for the action or penetration of the hor- 
mone The following observation may be significant in this respect 
Nelson and Corkill and NeLaon (13) have show n that msulm fails to exert 
a stimulatory effect on the glucose uptake and on glycogen formation in the 
diaphragm of normal rats previously injected wnth anterior pituitary extract 

Further work wnth the isolated diaphragm may throw additional hght 
on the postulated relationships of anterior pitmtary, adrenal cortex, and 
insulin to the hexokmase system 

SUMAIAKT 

1 Comparisons have been made between rates of glucose utihzation 
by isolated diaphragms from the following groups of rats (a) normal, 
(b) diabetic, (c) diabetic, subsequently adrenalectomized, and (d) ad- 
renalectomized The effect of msulm upon glucose utihzation by dia- 
phragms of each group has also been studied 

2 The rate of glucose utihzation by diaphragms from diabetic rats is 
dependent upon the degree of the diabetes, it decreases below normal as 
the seventy of the diabetes, as measured by the fastmg blood sugar, 
increases With the stram of rats most extensively studied, every dia- 
phragm from rats havmg fastmg blood sugars above 300 mg per cent 
exhibited a rate of glucose utihzation sigmficantly lower than normal, 
the average for diaphragms from twelve such rats bemg 59 per cent 
below the normal rate Adrenalectomy of such severely diabetic rats is 
followed by a fall in the blood sugar level of the fed animals, an mability 
to maintam high blood sugar levels even durmg short periods of fasting, 
and return of the rate of glucose utilization by the diaphragm to 
normal 

3 The glucose utilization by diaphragms from adrenalectomized rats 
IS within the normal range 

4 The seventy of diabetes, as judged by the blood sugar level dunng 
fasting, differed markedly m two strams of rats 
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OLEIC ACID .\A"D RELATED COMPOUNDS AS GROWTH 
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It IS well known that under special conditions certain fatty acids mark- 
edly affect groivth of lactic acid bacteria In the microbiological assay of 
nboflavin and of pantothemc acid, marked stimulation of the assay 
organism, Lactobacillus caset, results from the presence of small amoimts of 
lecithm or of fatty acids (1, 2) when these vitamins are present m sub- 
optimal amounts At higher levels of the fatty substances, inhibition may 
result The same effect of hpoidal materials is observed m the assay of 
pantothemc acid mth Lactobacillus arabtnosus (3) More recently it was 
observed that the presence of oleic acid (4), rice oil (4), or a fat-soluble 
substance of unknowm nature obtamed from blood (5) ehmmates the 
reqmrement of Lactobacillus casei for biotm Oleic acid also dupheates, m 
many respects, the growth-promoting action of acetate for a variety of 
lactic acid bacteria (6) 

In surveying the nutritive requirements of various lactic acid bacteria, 
a number of cultures were encountered for which oleic acid or related 
compounds are essential growth factors, even in the presence of both 
biotin and acetate The present study deals with these organisms and 
extends the studies on lactic acid bacteria for which fatty acids can substi- 
tute for biotin 


EXPERIMENTAL 

Organisms foi Which Fatty Acids Are Essential 

Stock Cultures and Inocula — The cultuies used were obtamed from 
Professor W B Sarles, Department of Agricultural Bacteriology, Um- 
versity of Wisconsin, and were tentatively designated as Lactobacillus 
acidophilus, Lactobacillus hulgancvs, Lactobacillus helveticus, and Strepto- 
coccus lactis The cultures had been carried on htmus milk smee isolation 
and this practice was contmued Biweekly transfers were made, foUowmg 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station Supported in part by grants from Merck and Companj , Inc , 
and from the Schenley Research Institute 
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transfer, cultures were incubated at nnfu , . 
indicated good growth (24 to 48 hours) 
fngerator for the remainder of the 2^' neriod"''' 

basaCeZm^^ct^^^^^^ each 5 ce of .e 

sufficient water to make 10 cc Thw heating to 100°), and 

sterilized by autoclaving To preDamiro f 
htmus milk culture was transferred tr> in^ a loop of the refngerated 
incubated 24 hours at 37° the cell inoculum medium, 

supernatant medium replaced L Z f ‘Centrifuging, and the 
sodium chloride solution TdrL ^fT »“t 

used to inoculate each tube ^ ^leavy suspension of cells nas 

Basal Aledium — The hT<5f>l rv.^ 1 

Sneil (7) tie content ot It™ »”'>'* “■'I 

Salts B. per 10 ce rf analteZ““ '“"“d (0 1 .. of 

medium described) The dmiKia * substituted for Salts C of the 
of 1 liter each, stored at 4° and no ^ medium was prepared m lots 

luunediately before use each^ ? than 1 month 

supplemented -with 10 m(r nf n ^ ^ double strength medium waa 
100 mg of lactose ° yenst e\tract, 1 mg of cysteine, and 

Procedure — The procednrp lo ii, 

assay for vitamins or ammo acids microbiological 

dispensed m 5 cc lots tn n e supplemented basal medium is 

test-tubes Aliquots of thn selected, rimless 18 X ISOmm Pyrex 
each tube adjusted to 10 oo Hu ^ are added and the volume m 
xvith cotton, autoclaved at ‘^tilled water The tubes are plugged 
inoculated, and incubated if- pressure for 6 minutes, cooled, 

estimated tuibidimetricallv* i n appiopriate period Growth is 
photoelectiic colorimetp, 1 culture tubes uith an Eveljoi 

Growth data for each adaptei foi this size tube 

and 72 houis In somp n senes were usually recorded at 24, 48, 

in 24 hours, but srowf-h ^^Sanisms failed to develop mAximally 

72 hours showed esspnr,nii usually ma\imiim at 48 hours Headings at 

these organisms shoived that httle or no groirth of 

such as commercial Ipp t^h basal medium unless hpoidal materials, 
essential grow th factor f r' added Oleic acid is knoiro to be an 
and was therefore bacteria belongmg to other genera (8). 

j Bet P ad as the active material At relatively lo« 

0 5 gm of MnSo/'m ® ® Sm of NaCl, 0 5 gm of FeSOt TH 0, 

’ "ater to make 250 cc 
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levels, however, unsaturated fatty acids are known to be toxic to many 
lactic icid bacteiia The use of the Tweens (fatty acid esters of polyoxy- 
ethylene dcriv ativ es of sorbitan, sold by the Atlas Powder Company (9)), 
found by Diibos (10, 11) to supply fatty acids for some orgamsms m a 


T^ble I 

I ^sciitial \alurc of Olcic Acid or Related Substances for Growth of Certain Lactic 

Icid Bacteria* 


Addilions to 
medium 

L< 2 ctohjcilluj 

ccidophilus 

LJctoba<tltus 

dufiancus 

Lje/obactJIus 

^elve/tcus 

S/rcp/ococcus 

iac/tsf 

Xone 

— 






Olcic acid 

(100 y) 

+ 

+ 

+ 

-b 

Lecithin (500 
7) 

+++ 

+++ 

+++ 

H — b + 

Tween 20t 

+++ (40 mg ) 

-b-b-b (3 mg ) 

-b++ (40 mg) 

-b (10 mg ) 

“ 40t (10 

ing ) 


— 

— 

— 

Tween C0{ (10 
mg ) 

1 

— j 

— j 

— 

Tw een SOf 

+++ (10 mg ) 

-bd — b(0 3mg ) 

-b-b+ (1 Omg ) 

-b-b4- (40 mg) 

“ m 

+++ (0 1 
mg ) 

+-b+ (0 1 

mg ) 

d — b+ (0 1 

mg ) 

+ (1 mg ) 

Saponin (10 | 
mg ) 

+++ 

+ 

-b 

+ 

Tween 40 (10 
mg ) -b oleic 
acid (100 7 ) 

+++ 

-b-b+ 

-b-b + 

+-b-b 

Saponin (10 
mg ) + oleic 
acid (100 7 ) 

+++ 

-b-b+ 

+ 4 — b 

+++ 


* — indicates no growth, + slight growth, and -I — 1 — h heavy growth after 72 
hours incubation The amount of test substance added to 10 cc of medium to 
secure the indicated growth response is given in parentheses 

t Yeast extract was omitted from the medium with this organism 
t The Tweens aie polyoxyethylene derivatives of sorbitan estenfied with fatty 
acids The estenfied fatty acids contained in each product (9) are the following 
Tween 20, lauric acid, Tween 40, palmitic acid. Tween 60, stearic acid. Tweens 80 
and 85, oleic acid 

convement, water-soluble foim, suggested itself The results of explora- 
tory experiments on the utilization of oleic acid, lecithm, and vanous 
Tweens by the test orgamsms are shown in Table I In the absence of a 
source of unsaturated fatty acids, none of the orgamsms grew Oleic acid 
itself supported only shght grotvth at the level tested Lecithin permitted 
heavy growth Heavy growth was also supported by the oleic acid- 
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containing Tweens (Tween 80 and 85), and also by launc acid-contaiaing 
Tween 20 Results with. Lactobacillus bulgancus, cited below, show that 
launc acid is inactive for this organism, so that the activity of Tween 20 
IS perhaps due to contamination with utihzable fatty acids Tweens 40 
and 60, containing palmitic and stearic acid, respectively, were inactive 
That the growth-piomoting substance is actually oleic acid is shown by the 
fact that this substance is highly active for all organisms when tested 
together with Tween 40, which by itself, is inactive We attribute the 
low activity of oleic acid, when tested alone, to its toMCity Its tone 
properties are ehminated by the inactive Tween, and its true growth- 
promoting properties then become appaient Saponin (Eastman, “practi- 
cal”) shows slight activity for some of the orgamsms and elunmates the 
toxic action of oleic acid for others A similar detovfying action of sapo 
mns on oleic acid was noted by Hutnei (12) with Erysipelothrix rhiuw 
patkiae for which oleic acid is likewise an essential growth factor With 
the latter organism, saponin alone was ineffective in promoting growth, 
its slight activity for the organisms studied here may be due to contami- 
nation with unsaturated fatty acids 
For more detailed study, Lactobacillus bulgancus was selected Wilhams 
and Fieger (4) have shown that the pH of the basal medium affects the 
efficiency with which oleic acid replaces biotin for Lactobacillus casei 
Fig 1 shows the effect of the initial pH of the medium on the response of 
Lactobacillus bulgancus to oleic acid The pH was measured in each case 
after the medium had been autoclaved At pH 5 0, 5 6, and 7 0 the 
growth response to oleic acid was negligible, only the response obtained at 
pH 7 0 IS shown m Fig 1 At pH 6 0 to 6 5, oleic acid promotes growth at 
low levels, but at higher levels its toxic action completely obscures its 
growth-promoting effects This toxic action becomes evident considerably 
before maximum growth of the organism is achieved It is interesting to 
note that it would easily be possible completely to overlook the groi 
promotmg properties of oleic acid, an essential substance, simply W 
testmg at a level shghtly removed from optimal 

The marked effect of Tween 40 (10 mg per 10 cc ), itself inactive, m 
promoting utilization of oleic acid is shown m Fig 2 Optimal utiliza 
occurred m this case when the initial pH was 7 0, considerable utihza 
occurred also at pH 5 6, but not at 5 0 The presence of Tween 
therefore, extends greatly the pH range over which oleic acid is u i > 
within this range it renders excess oleic acid wholly non-toxic 

In Fig 3, the growth response to Tween 80 at various initial hv Oo ^ 
ion concentrations is shown Again utihzation occurs between p 
and 7 0, but not at 5 0 The activity of Tween 80 appears due c m ^ 
esterified oleic acid, since this product is 8 to 10 per cent as ac iv 
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Lactobacillus bulgaricus as is oleic acid when the latter is tested in the 
presence of inactive Tween 40 (c/ Figs 2 and 3) Davis and Dubo 3 '(ll) 



Fig 1 The effect of initial pH of the medium on the response of Lactobacillus 
bulgaricus to oleic acid 



MICROGRAMS OF OLEIC ACID 

Fig 2 The effect of Tween 40 and imtial pH of the medium on the utilization of 
oleic acid by Lactobacillus bulgaricus 

found an average of only 0 6 per cent of free oleic acid in several different 
lots of Tween 80 
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The giowth'promotang pioperties for Lactobacillus bulgaricus of a sente 
of fatty acids were investigated Capric, capryhc, launc, mynstic, and 
palmitic acids -were mactive at levels from 0 1 to 1 0 mg per 10 cc , both 
m the presence and absence of Tween 40 Lmoleic acid was only sbghtly 
less active than oleic acid - The mactivity of launc acid under these 
conditions mdicates that the growih-promotmg action of Tween 20 (Table 
I) IS due to impurities Products effective in replacing oleic acid had the 
foUomng approximate relative activities (oleic acid = 100) when tested 



MICROGRAMS OF TWEEN 80 

Fig 3 The effect of initial pH of the medium on the utilization of Tween SO bj 
Lactobacillus bulgaricus 


under comparable conditions lmoleic acid, 80, lecithin, 10, Tween SO, 10> 
saponin, 0 1 The actunty of both lecithin and Tw een 80 is e\phcab 
the basis of their contents of unsaturated fatty acids It is possible 
the very low activity of saponin is also due to contaminating traces o 
fatty acids 


Orgammis foi Which Oleic Acid Is Essential Only in Absence of Biol 

Stock Cultures, Basal Media, and Inocula — Lactobacillus 
17-5, Lactobacillus casei, Lactobacillus delbruecku 3, Leuconostoc i>u^ 
teroides P-60, and Streptococcus faecalis R weie earned by 
m yeast dextrose agai 5 faecalis was meubated at 30°, other org 

z We are indebted to Professor H A Schuette for samples of these pure 
acids 
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at 37° The basal medium and techmque used with S faecalts were those 
described by Rabmowitz and Snell (13) The basal medium used with 

Table II 


Biotin Fatly Acid Relationships for Lactic Acid Bacteria 



■ 

5 

Jaeccl^ 

L 

arahinosus 

L 

delbruecku 

L 

casei 

£ 

mesenterotdes 

Addition to bioUn 


Galvanometer readings* 


1 

1 

Tween 
40, 10 
mg per 
10 cc 


Tween 
40, 10 
mg per 
10 cc 

1 

Tween 
40, 10 
mg per 
10 cc 

1 

Tween 
40, 10 
mg per 
10 cc 

1 

Tween 
40 10 
mg per 
10 cc 


my pcf 
10 cc 











Biotin 

0 0 

92 

92 

79 


97 


84 


78 



0 1 

85 

83 

68 


90 


68 


63 



0 3 

74 

72 

55 


82 


60 


43 



1 0 

55 

53 

40 


61 


48 


40 



10 0 

39 

39 

31 


28 


36 


42 



mg per 
10 cc 











Tween SO 

0 0 

92 


79 


97 


84 


78 



0 1 

91 


SO 


94 


78 


74 



0 3 

67 


67 


78 


62 


64 



1 0 

50 


49 


54 


44 


50 



10 0 

40 


39 


31 


35 


43 


Tween 40 

0 0 

92 


79 


97 


84 


78 



0 3 

92 


81 


100 


85 


80 



1 0 

97 


76 


100 


81 


79 



10 0 

91 


61 


97 


71 


68 



y P(r 
10 cc 











Oleic acid, initial 

0 

92 

92 

79 

61 

97 

97 

84 

71 

78 

74 

pH 7 0 

10 

89 

87 

89 

55 

90 

76 

100 

51 

77 

49 

30 

73 

59 

78 

47 

80 

45 

100 

34 

65 

47 


100 

63 

48 

62 

39 

57 

29 

99 

25 

41 

49 


300 

54 

50 

48 

41 

41 

28 

98 

24 

40 

47 

Oleic acid, initial 

0 

92 

92 

79 

61 

97 

97 

84 

71 

78 

74 

pH 5 5 

10 

89 

76 

92 

52 

96 

56 

91 

47 

88 

54 


30 

82 

69 

SO 

41 

82 

43 

81 

36 

77 

54 


100 

68 

69 

57 

32 

52 

27 

82 

27 

54 

57 


300 

67 

66 

37 

33 

38 

25 

87 

27 

62 

57 


* 24 hour readings for Streptococcus faecahs, all other readings after 48 hours 
incubation The unmoculated medium was set at 100 per cent light transmission 


the other orgamsms was essentially that of MacLeod and Snell (14), but 
with acid-hydrolyzed casein substituted for the enzymatic casein digest of 
the former medium In both media, biotm was omitted, and the casern 
hydrolysate was treated with 10 per cent of activated charcoal (Darco 
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G-60) for 15 minutes at pH 3 0, filtered, and then treated a second tune at 
pH 7 0 Cystine and pyndoxamme were added aseptically following the 
separate autoclavmg of the medium (13) 

Inocula were grown for 24 to 48 hours m 10 cc of the appropnate basal 
medium supplemented with biotm (0 01 7 per 10 cc ) The cultures 
were centrifuged, the supernatant medium replaced with 10 cc of stenle 
sahne, and the orgamsms resuspended 4 drops of this suspension were 


T\bleIII 


Response oj Streptococcus faccalis to Biotin or Oleic Icid in Presence of Uidtn 


Oleic acid 

Egg white 
preparation* 

1 GaUanometcr | 
1 readings, 24 hra 

1 

Biotm 

Egg ffhitr 
preparation* 

Galvaaomtltt 
fCidiags 24 in 

y fer 10 cc 

cc per 10 cc 


my per 10 u 

1 

1 cc per 10 cc 


0 

0 

93 

0 0 

0 

93 

10 

0 

91 

0 1 

0 

1 SS 

30 

0 

7C 

1 0 

0 

53 

100 

0 

62 

10 0 

0 

3S 

30 i 

0 00 

76 

0 0 

2 00 

100 

30 

0 20 

So 

1 0 

0 20 

93 

30 

0 40 

SG 

1 0 

0 40 

96 

30 

0 75 

S7 

1 0 

0 75 


30 

1 00 

SS 

1 0 

1 00 


30 

2 00 

SS 

1 0 

2 00 


100 

0 00 

62 




100 

0 20 

66 




100 

0 40 

62 




100 

0 75 

63 




100 

1 00 

66 




100 

2 00 

63 

j 




* Prepared by adding 0 cc of fresh egg white asepticallj to 05 cc of sterile 


transferred to a second 10 cc of sterile sahne, and 1 drop of this dilute 
suspension used to moculate each tube The assay procedure has been 
described earlier m this papei , 

feesuZfs— The effect of addmg biotm, Tween 80, Tween 40, or ole'c acid 
to the basal medium on growth of each of the test organisms, and 
mterrelationships between these factors, are showm m Table II ^ 
absence of biotm, 10 mg of Tw^een 80 support essentially maximum 
of each of these organisms Tween 40 has shght activity for some org 
isms, but IS relatively mactive compared to Tween SO For Sirepteco 
jaecahs and Lettconosioc mesenteroides, oleic acid is more effective 
placing biotm at an mitial pH of 7 0 than it is at 6 5, but this relation 
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IS just the opposite for the three lactobacilh With Lactobacillus casei, 
the very slight grow th obtained at 48 hours is in accordance ivith obser- 
vations of Wilhams and Fieger (4) that maxunmn stimulation with oleic 
acid IS obtained only after 96 to 120 hours of incubation The effect of 
adding Tween 40 to tubes containing oleic acid is veiy marked In all 
cases, the response to oleic acid is very significantly increased The 
results w'lth Lactobacillus casei are particularly marked That Tween 40 
everts its effects on utihzation of the fatty acid, and docs not merely cause 
more efficient utilization of traces of biotin, is shoivn by the fact that 
Tween 10 has no effect on utilization of small amounts of added biotin 
The data of Table III demonstrate that oleic acid actually replaces 
biotin, rather than simply accentuating the action of small amounts of 
biotin in the medium The titer of a crude egg white preparation used as a 
source of avidin was determined against 1 my of biotm Levels of 0 75 cc 
or greater of this dilute preparation completely prevent utilization of this 
amount of biotm in addition to the small amount of biotm piesent as a 
contaminant m the medium Although increasing amounts of avidm 
significantly depress growdh at a constant low level of oleic acid (30 y), 
this effect does not extend to higher levels of avidm It is probable that 
this effect represents nothing more than ehmination of the growth-pro- 
moting effect of the small amount of biotm present as a contaminant m the 
medium With higher levels of oleic acid (100 y), tlie effect is even less 
marked 


DISCUSSION 

Oleic acid is now known to be an essential growth factor foi seveial 
organisms Perhaps the first report of its essential nature for a micro- 
organism was that of Cohen, Snyder, and Mueller (15), wffio showed that 
it was essential for growth of certam strams of Corynebacterium dvpMhenae 
from small inocula Subsequently, it has been reported as essential for 
Clostridium tetani and Clostridium welchii (16), for Erysipelothnx rhusio- 
pathiae (12), and for an unidentified micrococcus (10) The present 
report demonstrates its essential nature for growth of several of the lactic 
acid bactena in purified media 

The toxic action of fatty acids, especially unsaturated fatty acids, for 
bacteria has likewise been ividely noted (2, 10, 11, 17), and although the 
reasons for this toxicity are not clearly understood, it is generally agreed 
that toxicity is observed only with the unestenfied acids Kodicek (17) ob- 
served that the inhibitory effects of oleic, hnoleic, and hnolemc acids for 
Lactobacillus casei could be prevented by addition of a number of com- 
pounds, such as lecithin, cholesterol, calciferol, lumisterol, a-tocopherol, 
and, m some cases, even calcium Saponin and sodium taurocholate were 
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ineffective For Erysipelothnx rhusiopathiae, on the other hand, the 
toxicity of oleic acid, was prevented by both saponin and bile salts (12) 
Dubos and coworker (10, 11) found the Tweens to be convenient, water- 
soluble forms of fatty acids for use m bactenal nutrition They have 
shown that for some organisms the Tiveens alone suffice to prevent toncity 
of the fatty acids, for others, addition of materials such as serum albumin 
IS necessary for this purpose Under the conditions used, the Tweens 
alone perform this function for the lactic acid bactena studied here It 
seems hkely that this fact could be apphed to ehnunate the mterfenng 
effects (1-3) which fatty substances, especially free fatty acids, have on 
microbiological assays for riboflavm and pantothemc acid m which these 
organisms are employed At present, these effects are avoided by treats 
ment of the samples before assay to eliminate fatty substances The 
emulsifymg and solubilizmg effects of the Tweens for fat-soluble matenals 
should greatly facihtate testmg the effects of such substances on bactenal 


growth 

Stokes el al (18) have shown recently that w hen aspartic acid is elimi- 
nated from the medium the amount of biotm reqmred for growth of several 
lactic acid bactena is greatly increased It seems hkely from recent 
observations (19)* that the decreased requirement for biotin m the presence 
of aspartate results from participation of biotin in the fixation of CO* to 
pyruvate to yield oxalacetate, which can also arise from, or be converted to, 
aspartate In the presence of a product whose formation it ordmanlj 
catalyzes, the requirement for biotin is thus greatly decreased Using 
media w'hich contain ample aspartic acid, Wilhams and Fieger (•!) hnie 
shown that oleic acid or nee oil eliminates oi greatly reduces the reqmre- 
ment for biotm Data in the present paper extend this finding to severs 
other lactic acid bacteria, and indicate that under these conditions an 
external source of biotin is unnecessary By analogy w ith the relationsbp 
between biotm and aspartate, it seems probable that biotm is essential for 
synthesis of oleic acid When both oleate and aspartate aie suppbed to 
these orgamsms, biotm appears unnecessary for growth Systematic 
ehmmation of other components of the complex medium used might revea 


other components in whose metabolism biotm is important 

Trager (5) recently reported the preparation of a fraction, F&F, ro 
blood plasma m the presence of which biotm was non-essential for ^ 
bacillus casei In contrast to oleic acid, which wms relatively meffec i 
m replacing biotm at an initial pH of 6 3 to 6 8, FSF w as fuHv e ec i 
at this pH From the present data it can be seen that oleic acid, OO) 
effective at this pH if tested m the presence of Tween 40 Uike ^ “ 
FSF, the activity of oleic acid is not nulhfied by excess avidm 


* Eakin, R E , and Slave, W , private communication 
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data would suggest that FSF contained combined oleic acid which was 
available to the test organism Ilowever, FSF is reported (5) to appear 
in the uon-sapomflablc fraction of plasma, which would not be true of 
-known combinations of oleic acid 

SUMMARY 

Several cultures of lactic acid bacteria require oleic acid, Imoleic acid, or 
a combined source of these matenals for groivth on a medium contammg all 
of the previously recogmzed groivth factors for these orgamsms The 
even numbered, saturated fatty acids from Co to Cia are completely m- 
active 

For the stram of Lactobacillus bulgancus tested, oleic acid, though 
essential for groivth, is so to\ic that its groivth-promoting action can be 
observed only within a narrow range of concentrations and pH Addition 
of certain water-soluble emulsifymg agents and surface tension depressants, 
such as Tween 40, which are mactive by themselves, render oleic acid 
non-toMc, and greatly extend the pH range over which activity is observed 
Tween 80, a water-soluble ester of oleic acid, is an excellent, non-toxic 
source of oleic acid for use m culture media for these orgamsms 

Most of the lactic acid bactena commonly used as assay oigamsms do not 
require oleic acid for growth on complete media If biotm is omitted, 
however, oleic acid becomes essential for growth The effectiveness of 
oleic acid m this respect is greatly enhanced by the simultaneous presence 
of Tween 40 Tween 80, m adequate amounts, has the same effect as 
Tween 40 plus oleic acid The groivth-promoting action of oleic acid 
under these conditions is not nulhfied by excess avidin, as is that of biotm. 
It IS suggested that one function of biotm is to catalyze the synthesis of 
oleic acid, when the latter is supphed preformed m the complex medium 
used, biotm becomes non-essential 

Addendum — Since submission of this paper, two “Letters to the Editors” bearing 
on this subject matter have appeared The essential nature of oleic acid for cer- 
tain lactic acid bacteria has been discovered independently by Hutchings and 
Boggiano (20) Axelrod, Hofmann, and Daubert (21), in reporting that both oleic 
acid and a vaccenic acid fraction from beef tallow will replace biotm for Lactoba 
ctllus caset, mention that a neutral fraction from plasma which also has this action 
was found (in contrast to Trager’s PSF) to have its activity in the sapomfiable 
portion This gives added support to the hypothesis, suggested above, that the 
activity of such neutral plasma fractions is due to active fatty acids in combined 
form 
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A STUDY ON TRANSjMETHYLATION WITH METHIONINE 
CONTAINING V^VRYING AMOUNTS OF DEUTERIUM 
IN THE METHYL GROUP 

Ih SOI lA SLMMONDS, MILDRED COHN, and VINCENT du VIGNEAUD 

{hrom the Department of Btoehemtstry, Cornell Uinverstty Medieal College, 

New York City) 

(Rceei\ed for publication, July 11, 1947) 

In the course of our investigation of the conversion of deuteiiomethaonme 
;o chohne and creatine in the rat, we decided to investigate the effect of 
the concentration of deutenum in the methionine fed upon the percentage 
of methyl groups in chohne and creatine which are denved from methiomne 
If a systematic study should reveal differences dependent upon the deu- 
tenum content of the compound fed, the imphcations for the use of deu- 
tenum as an indicator in studies of the rate of transmethylation in mvo 
would be far reaching Accordingly, a senes of experiments was under- 
taken in which methiomne contaimng concentrations of approximately 
80, 40, and 10 atom per cent deutenum in the methyl group, respectively, 
was fed, after 6 days the chohne and creatme were isolated from the tissues 
of the rats The deutenum content of the methyl groups of the tissue 
compounds was then determined The results showed that there was a 
constant ratio between the atom per cent of deutenurp m the methyl group 
of the methiomne admimstered and the atom per cent of deutenum in the 
methyl groups of the chohne and creatine isolated Thus, the concentra- 
tion of deuterium in the compound admimstered has no effect on the per- 
centage of methyl groups in chohne or creatme which have been denved 
from the methyl group of methiomne 

EXPERIMENTAL 

In the experiments to be desenbed, immature rats were fed diets con- 
taimng 0 6 per cent methiomne (Table I) However, the methiomne fed 
had three different levels of deuterium concentration, i e , 79 1, 39 6, and 
9 9 atom per cent deutenum in the methyl group respectively The 
deutenomethiomne was prepared by the usual procedure (2) The food 
intake was carefully measured, and from this the amount of mgested 
methiomne was calculated 1 cc of an aqueous vitarmn solution was 
given daily to each rat and contained the followmg amounts of each 
vitamm in mg thiamine hydrochlonde 0 04, riboflavm 0 04, mcotimc 
acid 0 04, pyndoxme hydrochlonde 0 04, df-calcium pantothenate 0 20, 
chohne-free ryzamin-B (3) 50 0, mositol 3 0, and p-aminobenzoic acid 1 0 
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Table I 


Composition of Basal Diet 



per cent 

Deutenomethionme 

0 6 

Ammo acid mixture* 

21 3 

Salt mixture! 


Com oil and fat soluble vitaminst 


Crisco 


Sucrose 

54 1 


* Synthetic ammo acid mi\ture devoid of sulfur ammo acids (1) 
t Osborne, T B , and Mendel, L , J Btol Chem , 37, 572 (1919) 


t Pat-soluble vitamins A, D, E, and K mixed with the corn oil m the amounts 
described previously (1) 

Txble II 

Platinum inalijses 


Choline chloroplatioate 


Pt calculated* 

Pt found 


per cent 

per cent 

1514 

31 5 

32 0 

1515 

31 5 

31 6 

1510 

31 6 

31 4 

1517 

31 6 

31 2 

1518 

31 6 

1 31 S 

1519 

31 6 (N 4 5) 

32 9 (M i 5) 

* Calculated values, based on increased molecular weight due to deuterium w 
the molecule 

Table III 


Deuterium Analyses 



Rat No 

Choline chloroplatinatc 

Creatinine K. picrate 


atom per cent 

atom cent 

1514 

8 30 ± 0 09 

2 96 ± 0 12 

1515 

8 21 ± 0 11 

2 91 ± 0 09 

1516 

3 95 ± 0 11 

1 28 ± 0 or 

1517 

3 98 i 0 13 

1 64 ± 0 OS 

1518 

0 87 ± 0 09 

0 37 ± 0 Oo 

1519 

0 93 ± 0 10 

0 35 ± 0 06 


It should be noted, as is indicated in Table IV, that one rat of eac 
namely Rats 1515, 1516, and 1519, developed hemorrhagic kidneys ^o^ 
diet Enlarged kidneys were observed in these three animals on 
day and all si\ rats were sacrificed immediately Chohne was 
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from the tissues is cliolme chloropUtmate (Table II), and creatine 
as creatinine potassium piciate (2) Tlie purity of the picrates was deter- 
mined colorimetncally by the JatTe reaction The deutenum contents of 
' the isolated compounds arc listed in Table III 

It can be seen fiom the summarized data in Table IV that, in spite of 
the de\elopment ot hcmoiihagic kidneys in thiee rats, the percentage of 
methyl groups m the tissue compounds derived from methionine was 
approximately the same in all six ammals 


T\ble IV 

Conlrolkd FiLtiiiig Experiments for 6 Days iciih Three Different Levels of 
Deuterium tn IiigcsUd Mclhionint 


Kal \o and 

Chanpc 

ID bod> 
weight 

Deuterium 
m mcth>l 
group of 
compound 

iVmount 
of mctbio* 
nine m 
gested 1 

Deutenum m mcUiy) group of 
compound isolated 

1 

Per cent of methyl 
groups in tissue 
compounds derived 
from methionine 
ingested* 





Cholmc 

Creatine 

Cholme 

Creatine 

■i 



£m 

atom per cent 

1 

atom per cent 




■ilOtifl 


0 252 

12 9 ±01 

11 8 ± 0 5 

16 3 

15 6 

BmSSI 

mSm 

BH 

0 210 

12 8 ±02 

11 6 ± 0 4 

16 2 

14 7 

1516 9 t 

I 59-63 

39 6 

0 ISO 

6 1 ± 0 2 

5 1 ± 0 3 

15 5 

12 9 

1517 o' 

61-78 

39 6 

0 252 

6 2 ± 0 2 

6 2 ± 0 3 

15 6 

15 6 

1518 9 

62-72 

9 9 

0 198 

1 35 ± 0 14 

1 5 ± 0 2 

13 7 

14 9 

1519 o’ t 

62-70 

9 9 

0 192 

1 45 ± 0 16 

1 4 ± 0 2 

14 6 

14 1 


* Amount of tleutenuni m methjl group of isolated compound 
Amount of deutenum m methyl group of methionine ingested 
t Enlarged kidneys observed on the Gth day, kidneys found to be hemorrhagic 
at autopsy 


SUMMARY 

The concentration ot deuterium m the methyl group of methionine admin- 
istered to rats was vaiied fiom 10 to 80 atom pei cent and was found to 
have no effect on the peicentage of methyl groups of chohne and creatine 
derived from methionine Some of the animals developed hemorrhagic 
kidneys under the conditions of the expeiiment, but apparently this had 
no appreciable effect on the over-all rate of transmethylation 
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THE ^TERATRINE ALICALOIDS 

\\\ II rURTIIER STUDIES WITH JERVINE 

W VLTER V JACOBS xso CHVRLES F HUEBNER 
{[ nnn Ihc Lnborntorus of The Rockefeller Inslilule for Medical Research, New York) 

(Ritoivcd for publication, July 16, 1947) 

Jervine and, in relatively smaller amount, veratramine, either as such or 
m the form of glj cosides, are the principal bases which have been found in 
the alkaloid fraction of Veralrum viride and their further study has been of 
special interest Previous work (1, 2) has shown their formulations to be 
respectiveh C27H3a03N and C27HS3O2N and that they are secondary bases 
In this respect and m a greater degree of unsaturation they present a 
\ anation of the usual category of veratrine alkaloids such as cevme, 
germine, and rubijervine which are tertiary bases Recent work (3, 4) has 
shown that there is now no reason to beheve that these tertiary bases possess 
other than the usual steroid structure demonstrated with the potato base, 
solamdme, by its dehydrogenation to Diels’ hydrocarbon The same con- 
clusion should be possible m the case of jervine and veratramine In 
veratramme, however, it is necessary to assume a rearranged angular 
-methyl group to permit the benzenoid structure shown by its ultraviolet 
absorption spectrum and the three resistant double bonds indicated by the 
formulation Although the formulation of jervme differs only by an 0 
atom from that of veratramme, its absorption spectrum has presented a 
different picture, as is presented again m Fig 1 In addition, the presence 
of at least tii o double bonds was shown by the earher hydrogenation studies 
which led to a tetrahydrojervme (1, 5) At first, on the basis of an in- 
complete absorption curve (6), the double bonds were considered to be con- 
jugated, but the more recent curve suggests other mterpretations, especially 
that of a A“^-ketomc structure or of conjugated double bonds and an 
isolated CO group The present report is on further work with jervme 
The usual S-hydroxy-A® structure has been mdicated by the conversion 
of jervme with alummum tert-butoxide and acetone to A^-jervone The 
same substance was obtained, in somewhat poorer yield although more 
readily purified, by heatmg with copper This ketone was characterized by 
its oxime AWervone with alummum isopropoxide was reduced m turn 
to A*-jennne This substance was fractionally crystaUized from what was 
undoubtedly a mixture of at least 3-o:(OH) and 3-/3 (OH) epuners, but, be- 
cause of the solubihty of the digitomdes, the usual attempts at complete 
separation have been deferred Of sigmficance was the gradually de- 
velopmg, rather deep purple color given by the substance with tnchloro- 
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2200 2400 2600 2800 3000 32CO 3400 3600 

A (A) 

Fig 1 O = ]er\ine, + = isojer\ine, O = dihjdrojervine, X = dibjdrojervioe 
after chromatography, all in ethanol 
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'icetic acid, although not as strong as in the case of the allorubijervnnes or 
alloisorubijervines In addition, the absorption spectrum of A^-jervme, as 
Ki\ en m Fig 2, shows that the isomerization has not too greatly affected the 
/chromopboncally active feature of the molecule and the retention of a 
A“-^-ketomc type of absorption 

The absorption spectrum of A''-]ervone also has been compared with 
those obtained mth A*-solamdoae and with rubijervone, as shown m Fig 3 
A*-Jervone remains, however, in general more strongly absorbmg 



Fig 3 0 = A‘-]ervone, • = rubijervone, + = solanidone, all in ethanol 

The previous hydrogenation of jervme in acetic acid solution occurs with 
the absorption of 2 moles of and the direct formation of tetrahydro- 
jervme (1, 5) In more recent work the process has been earned out m 
stages When performed m ethanol solution, the absorption occurs very 
slowly and requires a number of days for apparent completion However, 
the hydrogenation did not go perceptibly beyond the 1 mole stage with 
the formation of dthydrojennne, ([a]? = —83°) As with jervme itself, 
this denvative has 3 aelded an N-acetyldthydrojervine and an N-aceiyldt- 
hjdiojervtne acetate and all attempts to acylate beyond the latter stage were 
unsuccessful 

When the hydrogenation was resumed with dihydrojervine m acetic acid, 
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an additional mole of Ho was absorbed, with the formation of the abo\e 
tetrahydrojervme obtained m one operation from jervine The rotation 
now found was [a]^® = — 18° It is probable that the previously descnbed, 
less soluble, so called isomer (m p , 228-232°) was a small fraction of in- 
termediate dihydrojervine The tetrahydro derivative yields an N-acelyl 
teirahydrojervine 

At this pomt the absorption spectra of these substances became'Jof 
mterest As is shown in Fig 1, the curve obtamed with dihydrojervine 
continued to show two peaks, the higher of which remained at 250 in;i, the 
lower one bemg considerably displaced to about 300 m;i This suggested 
the persistence of a conjugated or A“ ^-ketonic structure, with the e\ception 
that the peak at 250 m/i appears lower than is typical of these compounds 



Fig 4 O = a dihydrojervmol, • = tetrahydrojerviue, = tetrahydrojervws 
after treatment iMth acid, X = tetrahj drojervmol , all in etiianol 

The possibihty was considered of a lack of homogeneity of the dihydro* 
jervine and of its contamination if not with unchanged jervine at least wi 
matenal which absorbed in the shoi ter wave-lengths To test this, dihydio- 
jervme was repeatedly recrystalhzed, followed by an attempt to fractionate 
it wrth AI 2 O 3 An mtennediate fraction recovered after such treatmen , 
however, showed no appreciable change m the absorption, as shoivn w 
Fig 1 In addition, the same result was obtamed ivith samples from 
ferent hydrogenation e\penments There appears, therefore, no reason 
doubt that this curve is pioduced by dihydrojervme itself 

The curve m Fig 4, obtained with tetrahydrojervme, shoivs the reten 0 ^^ 
of the peak at about 310 mji, the position and intensity of which 
carbonyl group absorption All attempts, howevei, to obtain ^ ° 
with any of these substances have been unsuccessful and jervine 
covered unchanged on attempted reaction with alummum isopropo^ 
Although we were hindered in this respect, additional evidence 0 
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presence of a CO group was afforded by reduction with sodium m butanol 
A so called tctraliydrojervine obtained in this way from jervme has already 
been described (1) The further study of the substance ([a]f = —107°) 
has confirmed the formulation but indicates that its produc- 

tion must involve reduction of the CO group and a double bond The curve 
in Fig 4 shows the disappearance of the characteristic bands of jervine 
This substance is therefore to be interpreted as a-dihydrojermnol and the 
reason for the prefix will appear later It yielded on acylation an N-aceiyl- 
a-dihydrojcrvinol 

The result with jervine was confiimed by the reduction of tetrahydro- 
jenune with sodium The absorption curve obtained with the resulting 
ielrahydrojcrvmol is shown in Fig 4 

In the formation of a-dihydrojervmol from jervine it appears probable 
that the A* double bond was the one reduced, m analogy with previous 
experience iiith the A® bases such as solamdine, rubijervme, and others 
of the group In support of this the reduction of dihydrojervme with 
sodium has been found to involve now only the CO group, with the pro- 
duction of a substance (Wb® == —4°) isomenc with the above a-dihydro- 
jervinol This has therefore been called P-dthydrojemnol The latter on 
hydrogenation in acetic acid absoibs only 1 mole of , with the formation 
of the above tetrahydrojervinol Although a-dihydrojervinol, as was to be 
expected, did not absorb H 2 in ethanol solution, it could be hydrogenated 
further m acetic acid but the resulting matenal could not be crystaUized 

The retention of a A“^-ketomc type of absorption m the absorption 
curve of A'^-jervine, while somewhat modified m that of dihydrojervme, 
suggests that this must mvolve the more resistant double bond of jervme 

If m jervine itself the conjugation ongmally involves also the assumed 
A® bond, then m the transformations to A^-jervme and dihydrojervme the 
resistant double bond would have to shift to become conjugated with the 
CO group m these substances The exact positions of the CO group or the 
less reactive double bond are therefore still uncertam 

The isomenzation of jervme to isojervme has already been described (7) 
and an attempt has smce been made to mterpret the change Although 
veratramine superficially differs from jervme by only 1 0 atom, it proved 
to be stable to acid It also differs by its benzenoid type of absorption 
spectrum and behavior on hydrogenation (2) It appeared possible that m 
isojervme a smulai aromatization could have occurred, smce the formula- 
tion C27H39O3N would permit of three double bonds as well as a CO group 
and another rmg or double bond Isojervme has proved resistant to all 
attempts to hydrogenate it m ethanol solution When this was attempted 
in acetic acid, isojervme was largely recovered unchanged, although a trace 
was obtained of the product CzjIbsOjN described below The absorption 
spectrum curve of isojervme is given in Fig 1 This shows a considerable 
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modification of the original jervine curve However, the persistence of a 
somewhat lowered peak at 250 m/i is apparent, although the absorptio: 
contmues to increase beyond this An accentuation and displacemen 
towards the short end of the assumed carbonyl absorption is also apparent 
This suggests that the formation of this substance involves a possibli 
aromatization if not simple conjugation of the three double bonds as wel 
as retention of the CO group An additional suggestion for this can faf 
seen m the similarity of the curve of isojeiwine with that of a composih 
curve of jervine and veratramme 



Fig 5 0 = dihjdroisojervinol, 0 = he\ah>drodeso\jisojemnol, m ethanol 

Other differences from jervine have been noted m the behavior of iso- 
jervme Although very stable to acid, isojervine is lapidly changed la 
alkahne solution In alcoholic alkali it quicklj’’ dei elops a deep red color 
and, after short boihng, onlj a fraction could be recovered On acetyla 
' tion, at first N-acetylisojei vine was obtamed but the acylation then goes 
beyond what was found v ith jervine (5, 1) and readily yields the tnacety 
derivative, N-acetyhsojei vine diacelate On reduction in butanol wi 
sodium a small yield of a substance resulted, which from the analysis co 
be mterpreted as dihydi oisojervinol, CstHhOsN ([«]“ = +84°), isomenc 
with the above a-dihydrojervinol The hydrochlonde was also obtain 
The absorption spectrum curve shown m Fig 5 no longer resembles tha o 
isojervme Although resistant to hydrogenation under the above con 
tions, isojervme gradually absorbed H* in ethanol solution m the 
of excess HCl The process required a number of days and some 



W ■V JVCOBS AND C F HUEBNER 


641 


cli uigccl miteri il was icco\eicd Howevei, the mam crystalhne product 
resulted from the absoiption of 3 oi 4 moles of and the loss of 1 0 atom 
The uiie\ entful end-absorption (Fig 5) indicates reduction of the CO group 
ami of double bonds F rom the analytical data alone, the formulation is not 
cert un The substance is eithei a hexahyd) odesoxyisojermie, C 27 Eb 502 N, 
or an oclahydiodct^oxymjcivine, CsTHnOiN The 0 atom lost is presuma- 
bh either tint of the CO gioup or the original (OH) group on carbon 
atom 3 The study of the substance will be continued 
.\. further attempt has been made to charactenze the 0 atoms of jervine 
and isojervine bj’’ active H deteiimnations As previously shown, the 
presence of 2 actne hydrogen atoms first reported with jervine ( 5 ) was 
determined at ordinary temperatures, but at 95° the result could be raised 
to 4 atoms (1) In view' of the more recent work it now appears doubtful 
that the increased reaction at 95° is due to hindered OH groups A similar 
chfficulty has been encountered in the determinations with a number of 
jervine denvatiies and has interfered with the use of the method m the 
studj of these substances It is, however, definite that the 2 active hy- 
drogen atoms show'n with jervme are due to the NH group and the (OH) 
group of carbon 3 Another 0 atom occurs in the CO group and the 3rd 
appears now to be of omdic character 
In view' of the piesence of the two double bonds and secondary basic 
pentacychc character, such data agree w'lth the derived formulation, 
C 27 H 3 DO 3 N, of jervme It appears that on isomerization to isojervme the 
oxidic structure is opened, with the formation of a new OH group and a 
double bond To explam such a rearrangement m acid solution, there is sug- 
gested for jervme an analogy with the spiroketal structure of the steroid 
sapogenms or isosapogemns (Formula I) This is piesented m Formula 
II However, whether such a structure could rearrange with acid and so 
yield the data obtained with isojervine is not certam The first product 
of the action of acid could be as shown m Formula HI 

If the latter does not open to form an w-ammo ketone, it could rearrange 
to form the hydroxymethylethylpiperidme base, as is shown m Formula IV, 
and the OH on C^® could also be removed, w'lth the production of a double 
bond mitially as A*® before its shift for aromatization or conjugation A 
similar situation would arise if the oxidic hnkage jomed C^* with C^ and 
perhaps more readily still if between and C®® (Formulas V and VI) 

In a previous paper ( 6 ) a phenohe base, CsHnON, mterpreted as a 
possible 2-ethyl-5-methyl-3-hydroxypyndme, w'as reported as a dehydro- 
genation product of jervme The formation of such a substance definitely 
reqmres the presence of an 0 atom on the basic side cham of the molecule 
Another possible structure is presented m Formula VII m which an oxidic 
hnkage joins the 2 steroid C atoms and But an objection to this 
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interpretation is the expected resistance of such an oxidic strueture to 

cleavage with acid , ,1 t 

As previously mentioned, the positions of the CO group and less reactive 

double bond remam uncertain If jervine itself is not a A“ ^-ketone but m 
it the two double bonds are conjugated as A® and A^ as shown m Form^ 
VIII with the CO group at C“, a shift of the A’ to A* could occur dunngthe 
hydrogenation to dihydrojervine (Formula IX) A similar situation could 
occur if the CO^oup is at C^^, as m Formula II 





The 

Another aspect of the general problem concerns oa 

latter has been shown to be a glucoside which, however, ^ 

hydrolysis (7) Smce jervme is isomerized to the lat r wi 
probable that pseudojervme is a jervme glucoside and , g Con 

This has now been shown by its hydrogenation before y ^ 
trary to isojervine, which resists hydrogenation, pseu ojer 
hydrogenated in ethanol as the soluble acetic acid sa wi resulting 

sorption of 1 mole of Ho as in the case of jervme 1 se in- 

substance on hydrolysis yielded a base which appeare ^ 
distingmshable from dihydrojervine However, as is s ow gf 

absorption curve m the short wave region differs somew ^juJer 
dihydrojervme The possibihty that some diby^^® 

influence of the acid has occurred was suggested by 



A\ A JVCOBS \ND C F HUEBNER 


643 


jervmc ittelf ^\hen treated Bith HCl also yields material, the absorption 
curve of which approaches that of the hydrolysis product 
A companson of the N-acetyldihydrojervme acetates obtamed from 
both sources has shown a somewhat similar divergence of the curves (Fig 
G) It appears that a progressive change occurs under the influence of 
IICl and that in the experiments made this transformation probably has 
not proceeded to completion The conclusion, however, can be drawn 
that pseudojervme is a glucoside of jervine 



Fig 6 0 = dibydrojervine after treatment with acid, • = dihydrojervinefrom 
hydroJysis of dibydropseudojervine, + = N-acetyldibydrojervine acetate, X = 
N acetyldihydrojervine from acid-treated dihydrojervine, all in ethanol 


EXPERIMENTAL 

i^Wervone — 6 gm of jervine were repeatedly boiled down with benzene 
to remove the HjO of crystalhzation and the residue was treated with 14 
gm of alummum tert-butoxide, 200 cc of benzene, and 100 cc of acetone 
The mixture was refluxed for 23 hours, then decomposed with excess dilute 
NaOH, and extracted with chloroform The washed and dned extract 
was concentrated finally m vacuo to dryness It was found better at this 
stage to remove unchanged jervme as the more sparmgly soluble HCl salt 
The residue was therefore treated with 50 cc of absolute ethanol and the 
suspension of crystals carefully treated with HCl (1 19 sp gr ) m excess 
The thick paste of the salt was collected and washed u ith small portions of 
absolute ethanol The filtrate, after addition of excess ammoma and 
careful dilution, gradually crystalhzed After collection with 50 per cent 
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ethanol, 3 06 gm of the product were obtained The mother hquor oa 
dilution yielded an additional 0 55 gra It was recrystalhzed by solution 
m chloroform with partial concentration and addition of ethanol or directly 
from ethanol, which required a larger volume It separated as clusters of 
short, narrow, blunt ended micro platelets or rods nhich contained solvent 
After prehmmary softemng it melted at 193-194° (uncorrected) 

[alt = +2S 3® (c = 0 95 for drj substance in 95% ethanol) 

DlfBculty was experienced with the analysis of different samples, possibly 
caused by retention of solvent, even i\ hen dned at 120° and 0 2 mm 

C.tH O 3X Calculated C 7G 54, H S 81 
Found (o) “ 76 20, “ 9 11 

(b) “ 70 01, “ S 94 

A gradual change during the lecij^stalhzation from an origmal WS® = 
+16° to the aboi e lotation indicated removal ot a small amount of jervine 

A mixtuie of 1 gm of jenine and 4 gm of copper powder n as gradually 
heated in a bath to 200° and then during 30 minutes to 290° After suffi- 
cient coohng the mixtiue w as then slow ly sublimed at 0 1 mm , durmg wbicb 
the temperature was finally laised to 260° OTogm of sublimate was ob- 
tained which crjstalbzed readily fiom 95 pei cent ethanol on seeding with 
the abo^e substance 0 34 gm lesulted, which after recrystalbzation 
melted at 191-192° (uncorrected) aftei prehmmary softemng A mixture 
from both sources showed no depiession 

= -f30° (c = 1 02 of drj substance in 95% ethanol) 

Found C 76 07, H S SO 

The spectrum of this substance is show n m Fig 3 

The oxime was prepat ed fiom a solution of the base m sufficient dilu6 
acetic acid with a mixtuie of hj'dioxydamme hjdrochlonde and sodiu® 
acetate Aftei addition of methanol and heating, it rapidly ciystaUize 
The mixture w as then made alkahne and extracted w'lth chloiofoim ® 
latter yielded matenal w hich ciystalhzed fiom ethanol as spariagly so u e 
prisms melting at 287-289° 

CsjHjsOjX.. Calculated, C 73 92, H 8 74, found, C 74 00, H S 97 

h^-Jervme — 0 42 gm of A^-jervone in benzene wms concentrated to di^ 
ness in laciio to remove any soh ent of crystalhzation and then treate ^ 
aluminum isopiopoxide made from 0 25 gm of A1 in about 30 cc 0 ^ 

propanol The mixture w as very slowdy distilled at the rate of ^ 
drop a minute, w ith occasional leplacement of isopropanol until no 
test for acetone with mtiopiusside wms obtained After about 
the concentration w as continued to small bulk The mixture was 
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With excess dilute NiOH ind extracted ivith chloroform The latter, 
after washing xnd dicing, was concentrated and the solvent replaced by 
cthinol The concentrited solution on careful dilution gradually crys- 
tallized on standing and w as collected the next day w ith 50 per cent etha- 
nol 0 2 gm w as obtained The mothei liquor on further careful dilution 
yielded in additional 75 mg 

The first crop w as recrj stallized by solution in ethanol and concentration 
to about 2 5 cc and then caiefully treated with an equal volume of H 2 O 
On seedmg, it gradualh separated as aggregates of needles or pointed 
blades and w as collected w itli 50 per cent ethanol It sintered at about 
1S5° and gradually melted at 203-207° but not completely below 211° 

The substance contained solvent and was dried at 110° and 0 2 mm 

C HnOjX H.O Calculated, H O 4 06, found, H.O 3 70 
C -Ha»OA Calculated C 76 18, H 9 24 
round (a) “ 75 77, “ 9 23 
(6) “ 75 84, “ 9 59 

Since the substance could be a mixture possibly of 3-a and 3-/3 epimers 
and did not yield a spanngly soluble digitomde, no attempt at further 
separation was made "^lien 1 mg of the substance was treated with 3 
small drops of 90 per cent trichloroacetic acid, it gradually developed a 
somewhat dirty but deep led purple color This persisted but varied 
somewhat with different fractions and was not as mtense as that given by 
epiallorubqervme The ultiaviolet absorption curve is showm in Fig 2 
Curves obtained with several different fractions and preparations were 
almost mdistmguishable 

Dihydrojervme — suspension of 10 5 gm of jervme m absolute ethanol 
was hydrogenated at first with 0 2 gm of platinum oxide catalyst The 
absorption of proceeded giadually and smce, after 2 days, only a fraction 
of a mole had been absorbed, an additional 0 2 gm of catalyst was added 
After about 5 days m all, absorption had practically stopped, with a total 
for the substance of about 1 mole The catalyst, which remained colloidal, 
was coagulated by addition of acetic acid, followed by final clearmg wuth 
norit The filtrate, after concentration and dilution, was made alkahne 
and extracted with chloroform This extract m turn was concentrated 
to dryness and the residue, on treatment with methanol, crystalhzed 
Two successive fractions were obtamed of mdistmgmshable character and 
amounted to 8 7 gm Additional fractions were not mvestigated further 

From methanol it crystalhzed as flat, largely four-sided prisms which 
contamed solvent On rapid heatmg, it sintered above 145°, melted with 
loss of solvent at about 160°, quickly resohdified, and agam melted at 
250-251° (uncorrected) From dilute ethanol it similarly crystalhzed with 
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solvent and, after prelumnary sintering above 135-140°, remained crys- 
taUine to about 235° From acetone it separated solvent-free as platelets 
and flat needles which melted at 248-251° 

[a]” = —82° (c = 0 98 of dried substance in 95% ethanol) 
C-jH^iOjN Caleulated C 75 82, H 9 67 
Found (a) “ 75 58, “ 9 72 
(6) “ 75 79, “ 9 46 

Because of the character of the ultraviolet absorption spectrum a further 
attempt at possible purification was made Following two recrystalhza 
tions from methanol and a third from acetone, the meltmg pomt was 
unchanged About 0 18 gm was dissolved in 20 cc of benzene and 
chromatographed through a 1 5 X 12 cm column of iiliOs Smce 100 cc 
of benzene failed to elute any substance, this w as folloii ed by 2 per cent 
methanol in benzene After an imtial 40 cc , four succeedmg fractions 
were obtained, a first fraction of 10 cc wluch contained roughly 10 mgj 
a second of 5 cc with SO mg , a tluid of 5 cc with 62 mg , and a fourth 
of 10 cc which removed the remaindei The tlurd fiaction was recrys 
talhzed from benzene and dried at 100° for 12 hours for the absorption 
spectrum shown m Fig 1 This is indistinguishable from the curve oh- 
tamed before fractionation 

The dried material from benzene under the microscope after prebininaiy 
enlargement of crystals melted sharply at 268-269° However, when this 
sample was recrystalhzed from acetone, it melted at 248-252°, as in previous 
cases 


Found C 75 89, H 9 68 


Hydrolysis of Dihydropseudojeivme — 0 3 gm of pseudojervme in 3 to 
cc of 95 per cent ethanol and 0 1 cc of acetic acid were hydrogenated wi 
50 mg of platmum oxide catalyst As m the case of jervme itself, t e 
hydrogenation proceeded very gradually and after about 3 days 
practically completed The absorption m excess of catalyst requiremen 
was 11 cc or about 1 mole The catalyst was largely colloidal and was 
removed with nont after famt acidification with HCl The filtrate wus 
concentrated in vacuo to remove alcohol, durmg which crystalhzation o 
the salt of the hydrogenated glycosidal base occuried The mixture was 
directly treated with 60 cc of 2 per cent aqueous HCl and te 

hour The HCl salt of the base ciystalhzed and was collected with 
HCl A solution of the salt in hot ethanol was concentrated to a 
diluted, and treated with ammoma The base separated as a 
powder and 96 mg were collected with dilute ethanol On recrysta u 
from 50 per cent ethanol, the material sepaiated as long narrow 
platelets or needles which contained solvent After prelumnary m 
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at about 135-140°, the substance crystalhzed again and then melted at 
246-249° From acetone it separated solvent-free and melted sharply 
at 251-252° \\Tien mixed with dihydrojervine, the melting point was 
not changed 

[alo = — S3° (c = 0 99 of dried substance in 93% ethanol) 

C illiiOiX Calculated, C 75 82, H 9 67, found, C 75 55, H 9 57 

The absorption spectrum is shown in Fig 6 

For companson with this matenal, 0 1 gm of dihydrojervme was heated 
in 4 cc of 3 S5 per cent HCl in methanol at 100° for 23 hours Because of 
the suspension of crystals which remained throughout the heatmg, the 
rmxture was occasionally shaken The collected crystals weighed 60 mg 
An. additional 26 mg ^v ere obtained from the mother hquor with ether 
The base n as recovered from both fractions m 50 per cent ethanol with 
ammoma After prehminary sintenng with solvent loss, it melted at 
244-249° 

Found (a) C 75 83, H 9 58, (6) C 75 70, H 9 67 
[aln = —83° (c = 0 89 of dried substance in 95% ethanol) 

The absorption spectrum of this substance is shown m Fig 6 

N-Aceiyldthydrojervine — 0 3 gm of dihydrojervme dissolved readily on 
heatmg m a few cc of acetic anhydnde After boiling a few mmutes, the 
reagent was removed in vacuo The residue was dissolved in ethanol, 
treated with excess dilute NaOH, and boiled a short time for sapomfication 
On dilution it crystalhzed The mixture was extracted with chloroform 
and the extract washed with dilute acid and water After concentratmg, 
the residue crystalhzed readily from 95 per cent ethanol and yielded 0 27 
gm It formed almost square ended or hexagonal platelets which con- 
tamed solvent It melted at 157-159° and then crystalhzed on further 
heating and agam melted at 256-259° (uncorrected) 

For analysis it was dned at 100° and 0 2 mm 

C-jHiaOiN Calculated, C 74 14, H 9 23, found, C 74 45, H 9 23 

N-Acetyldihydrojervine Acetate — Dihydrojervme was refluxed for 3 hours 
in acetic anhydnde The product separated from dilute ethanol as broad 
leaflets or clusters of narrow leaflets or flat needles After recrystallization 
it melted at 210-212° 

CaiH^OtN Calculated, C 72 75, H 8 87, found, C 73 00, H 8 72 

A substance mdistinguishable in form from the above resulted by 
acetylation of the previously described matenal recovered from the action 
of HGl m methanol on dihydrojervme After recrystalhzation from 
dilute ethanol it melted largely at 214r-216° but crystals persisted till 222°, 
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although this is slightly higher than the above melting point No depres- 
sion was noted v ith a mixture of the two substances 

Found C 72 00, H S 77 

The ultiaviolet absorption spectra of the two substances are recorded m 
Fig 6 which shows an mcreasing difference towards the short end 

Tetiahjdrojerume — 2 2 gm of dihydrojervinewere hydrogenated in acetic 
acid with 0 1 gm of platinum oxide catalyst The absorption was gradual 
but was completed within 18 hours, dunng which the catalyst had co- 
agulated The filtrate vas concentrated, diluted with water, and then 
made alkahne and extracted with chloroform After concentration of the 
extract the cliloiofoim was finally replaced with acetone The product 
separated as small almost rectangular platelets or flat prisms 
For recrystalhzation its solution in methanol was concentrated and after 
adchtion of acetone again concentrated to remove methanol It then 
melted at 216-221° after preliminary smtenng above 213° 

t 

Wd = — 1S° (c = 0 95 m 95% ethanol) 

C.iHijOjX Calculated C 75 46, H 10 10 
Found (a) “ 75 CS, “ 9 94 
(6) “ 75 23, “ 9 98 

The previously descnbed tetrahydrojervme, m p (uncorrected) 210-212 , 
which was prepared by a one-step hydrogenation process has since been 
found to show [a]o® = —23° (c = 1 08 in 95 per cent ethanol) 
llTien this substance i\as treated at room temperature with methanol 
saturated with HCl at 0° or refluxed for 19 hours m 100 parts of 2 per cent 
HCl in 50 per cent ethanol, it was recovered practically unchanged 
spectra of these ti\ o substances aie shown m Fig 4 
N-AcetylteU ahydrojervine — Tetrahydrojervine as dissolved in warm acfr 
tic anhydride and the excess reagent was removed tn vacuo Ther^ 
idue was boiled a few minutes in methanol and chlute NaOH to sapo y 
any possible estei After dilution the product w as extracted with chlor^ 
form w'hich wms washed in turn wuth dilute H-SOj and wmter and drie 
Upon removal of soh ent the neutral product crystalhzed slowl}^ 
dilute ethanol as flat needles which melted at 266-269“ 

CisHiiOiN Calculated, C 73 S3, H 9 62, found, C 74 03, H 9 42 

a-Dihydroje) vinol — ^The reduction of jervmewith sodium in butanol 
repeated as previously reported, but the product w as extracted with c ^ 
form The yield was roughly one-half the theoretical When reduc o^^^ 
ethanol was attempted, a large fraction of jervme was recovere 
recrystalhzation the concentrated solution m methanol was trea e 
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acetone It separated solvent-free and melted at 223-225° but the melting 
point depended on the heating rate 

[alj = —107“ (c = 0 01 HI 95% ethanol) 

Cj,lIuO,N C ilcul Uccl, C 75 40, H 10 10, found, C 75 55, H 10 03 

The ultraviolet absorption spectrum of this substance is shown in Fig 4 

N^-Acelyl-a-diliydrojei vinol — ^After short boiling of the base with acetic 
anhydride, followed bj removal of e\cess reagent and by heating of the 
residue w ith dilute alcohohc alkali foi saponification, the neutral material 
was e\tracted w’lth chloioform The substance separated from dilute 
ethanol as short, flat, square ended needles or rods w'hich melted at 150- 
151° after slight prelimmarj’’ sintering 

C.jH4i 04N Calculated, C 73 83, H 9 62, found, C 73 76, H 9 65 

^-Dikydroje) Dinol — 1 25 gm of dihydrojervme weie reduced in 125 cc of 
butanol w'lth 7 gm of sodium The chloroform extract of the diluted re- 
action nuxtuie after concentration yielded a residue w'hich crystalhzed 
from acetone The yield w as 0 88 gm It is rather sparingly soluble in 
methanol from which it separated as small pnsms or platelets meltmg at 
286-289° after shght preliminary sintermg 

[aio = “4° (e = 1 07 m 97% ethanol) 

C Calculated, C 75 46, H 10 10, found, C 75 12, H 9 97 

Telrahydrojervinol — Tetrahydrojervine was reduced in butanol ivith 
sodium and the reaction product was extracted from the diluted mixture 
w ith chloroform The substance crystalhzed from acetone as a powder of 
micro prisms or hexagonal platelets which melted at 293-296° after pre- 
liminary sintenng 

[al^ = -I-4S 5° (c = 1 05 in 95% ethanol) 

C jHiiOoN Calculated, C 75 11, H 10 51, found, C 75 06, H 10 46 

0 1 gm of fl-dihydrojervinol was hydrogenated in acetic acid with 50 mg 
of catalyst The catalyst gradually coagulated after the absorption of 
about 1 mole of H 2 77 mg of product were obtained, indistingmshable m 
properties from the above substance It melted at 294-296° after pre- 
liminary sintering 

[o]” = +48 5° (c = 1 09 in 95% ethanol) 

Found C 74 85, H 10 37 

The ultraviolet absorption spectrum is showm in Fig 4 

N-Acetylisojcrvine — 0 2 gm of iso]er\me (from acetone) was dissolved in 
a little ethanol and dried in vacuo to remove all solvent On treatment 
with 2 cc of acetic anhjdnde and gentle warming, but not above 50°, 
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It graduaUy dissolved witlnn 5 minutes After decomposition with ivato 
thfresmous mass crystallized on standmg 

recrystallized from diluted ethanol formed delicate needles which melted 
at 202-203° after slight prelimmary softemng 

C»H4i 04N Calculated, C 74 47, H 8 84, found, C 74 28, H 8 85 

Tnacetyhsojervme—When isojervme was boiled m excess acetic anhy^e 
for 1 hour, the reaction product, recovered as m the previous case, crj^ 
talhzed from dilute ethanol as micro platelets or rods which melted at 

1Q2_i93® 

The same substance resulted after boilmg with the reagent for 8 hours 




Calculated 
Found (a) 

ib) 


C 71 82, H 8 23 
“ 71 83, “ 8 26 
“ 71 SO, “ 8 16 


in 


Dihydroisojervtnol-Od gm of isojervme was concentrated ^ 
dry butanol to remove acetone of crystalhzation and the residu , 
solution m 20 cc of butanol, was reduced at the boilmg pomt wi 8“ 
sodium The first contact of the latter developed at once a ^eeP 
which rapidly decolonzed The cooled mixture was dilu e , 

with benzene The washed and dried extract ynelded on concentration 
resin which did not crystalhze directly It was treated m 
tion with sufficient HCl and, on addition of ether, the HCl s Jt crys*^^^ ^ 
The peroxides m the ether caused the mother liquor to deepen m c 
brown-orange 58 mg of the salt were collected with me 
After solution m methanol and concentration to 1 cc , it ^cpara » g 

platelets or flat needles which smtered above 270° and los a 
form at 315-320° 

C jHijOsN^HCl Calculated C 69 56, H 9 52 
Found (a) “ 69 31, “ 9 45 
lb) “ 69 68, “ 9 62 

The base hberated from the salt crystalhzed froin dilffie 
leaflets which contained H5O of crystalhzation Under jj^gjted al 
the substance loses its double refraction at 127-130 an 1 
135-140° For analysis it was dried at 110° and 0 2 mm 

C2,H„0,N H.O Calculated, H-0 4 02, found, H O 3 90^ ^ 
C.,H„0,N Calculated, C 75 46, H 10 10, found, _C 75 -9, 

Wd = +84° (c = 0 64 of dry substance in 9o% etna 


For the absorption spectrum see Fig 5 wdrogenate 

Hexahydrodesoxyisojeivine — After unsuccessful attemp s la 

isojervme dissolved in ethanol or acetic acid, the fo owi 
the presence of HCl were used 
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0 2 gm was concentrated in ethanol to about 5 cc to remove acetone of 
crystalhzation and then treated with 0 2 cc of HCl (1 19 sp gr ) and hy- 
drogenated w ith 50 mg of platmum oxide catalyst The absorption pro- 
ceeded graduall}’’ beyond the catalyst requirements but contmued for about 
3 to 4 days The filtrate with washmgs from catalyst was treated with ex- 
cess ammoma and concentrated On careful dilution it crystalhzed More 
ammoma was added and the matenal was extracted with chloroform The 
latter on concentration did not yield isojeryme on seedmg The chloro- 
form was then replaced by ethanol and the solution on careful dilution with 
HiO yielded micro pnsms which were collected with 85 per cent ethanol 
The yield was 58 mg Further dilution yielded an additional 20 mg 

In a larger run with 4 gm of isojervme in ethanol with 4 cc of HCl and 
0 2 gm of catal3'^st, an additional 0 2 gm of catalyst and 4 cc of HCl were 
added after 24 hours Absorption of Hj m this case proceeded for about 5 
days, durmg which the apparent absorption by the substance approximated 
3 to 4 moles However, after extraction of the base with chloroform the 
extract yielded 1 0 gm of unchanged base, which separated with solvent 
The filtrate, after removal of chloroform with ethanol and shght dilution, 
yielded 1 12 gm 

The substance separates as aggregates of micro pnsms which contain 
solvent and melt at 163-165® after prehmmary smtermg From acetone it 
also separates with solvent The meltmg pomt was occasionally affected 
by the conditions of crystalhzation, the substance only partly melted or 
softened at 165° and then melted at 218-220° For the solvent-free sub- 
stance [aJn® = 4-26° (c = 0 73 in 95 per cent ethanol) For analysis it 
was dned at 110° and 0 2 mm 


C-jH.jO N 

Calculated 

C 77 63, H 11 35 

C27H4sO.N 


“ 78 01, “ 10 92 


Found ( 0 ) 

“ 77 56, “ 10 97 


(b) 

“ 77 82, “ 10 95 


The absorption spectrum curve is shown in Fig 5 


SUMMART 

Jervine, the secondary veratnne base of formula C27H39O3N, has been 
found to behave m its transformations as a 3-hydroxy-A^-steroid base 
From the study of the derivatives formed by its progiessive hydrogenation 
and reduction with sodium, it must be a doubly unsaturated A“^-keto 
denvative or one in which the double bonds are conjugated The 3rd 
oxygen atom is presumably oxidic and is associated with the basic side 
plimn of the molecule A general tentative interpretation of the structure 
of the alkaloid has been made This has been aided by a similar study of 
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isojervine, -which results from the isomerization of jer-vone by acid A 
number of denvatives of the alkaloid are described with the mterpretation 
of their ultra-violet absorption spectra 

All analytical work was perfoimed by Mr D Rigakos of this laboratory 
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THE FLUORESCENT CONDENSATION PRODUCT OF 
N'-AIETHYLNICOTINAMIDE AND ACETONE 

A RAPID METHOD TOR THE DETERMINATION OP THE 
P\ RIDINE NUCLEOTIDES IN ANIMAL TISSUES THE 
COENZYME CONTENT OF RAT TISSUES* 

Bi JE VN ROBINSON, t NORA LEVITAS, FRED ROSEN,? 
WILLIAM A PERLZWEIG 

(From the Department of Biochcmtslry, Duke University School of Medicine, 
Durham, North Carolina) 

(Received for publication, July S, 1947) 

In the previous papei of this series the apphcation of the fluorometric 
alkali-acetone condensation piocedure to the determination of the pyridine 
nucleotides m blood was described (1) The attempts to apply the method 
used for blood to tissues gave low values compared with those obtamed by 
previous workers usmg microbiological methods (2-5) These low values 
Mere due to losses, presumably because of either the failure to mactivate the 
cellular nucleotidases (6, 7) or to the hydrolytic effect of the trichloroacetic 
acid employed 

In an attempt to oveicome this diflBculty it was found that the use of 
nicotinamide as a specific mhibitor of the nucleotidases (8) ivas entirely 
effective, and did not m any way mteifere ivith either the fluorometric pro- 
cedure or the growth of Hemophilus parainfluenzae used foi the microbio- 
logical determination (9) Therefore, m the method described below the 
excised tissue is immediately immersed in a solution contaimng nicotm- 
amide and Ce (804)2 After suitable extraction, dilution, and flltration an 
aliquot IS analyzed by the fluorometric method pieviously described (1) 
Smee m tissues the reduced nucleotides may amount to 40 per cent of 
the total (10), it is necessary to oxidize them, for which purpose ferricyamde 
has been used (9) But ferricyamde was found to mterfere appreciably 
Muth the formation of the fluorescent derivative Ce (804)2, on the other 
hand, which is an even more efficient oxidizing agent, was found to have no 

* Grants in aid of this investigation from the United States Public Health Service, 
the Nutrition Foundation, Inc , the John and Mary R Markle Foundation, and the 
Duke University Research Council are gratefully acknowledged The diphospho- 
pyridine nucleotide (DPN) used in the study was obtained through the courtesy of 
Dr J A Aeschlimann of Ho£fmann-La Roche, Inc 

t The data contamed m this paper were taken from a thesis to be presented by Jean 
Robinson m partial fulfilment of the requirements for the degree of Master of krts in 
the Graduate School of Duke University 
? Nutrition Foundation, Inc , Fellow 
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effect on the analytic lesults obtained both by the fluorometric and the 

microbiological proceduies used in this study . , , 11 

Extensive data are also given on the coenzyme content of rat hver, kid 
ney, and muscle as determined by the new method These values are m 
aoreement mth previously pubhshed data on the total mcotimc acid con 
tent and indicate that substantially all of the macm of these tissues exists 
m the form of pyiidine nucleotides 


Procedure 

In the work described below all experiments were carried out on rat tb 
sues Both male and female rats of the Osborne-^Mendel strain, weighing 

between 100 and 250 gm , were used ,f n 

Extraction of Tissues— The piocedure which gave the best and most co 
sistent results was as follows The animal is killed by decapita ion 
whole hver lobe, a w hole kidney with the capsule carefully removed, or 
large portion of a single skeletal muscle (samples of 500 to 18 , 

rapidly excised and immei sed completely in previously w eighed ^ 0 ^ 
beakers contaming 4 to 7 ml of 2 per cent nicotmamide and lo 0 - = 

of Ce(S 04)2 , fnrtier 

Once the tissues aie immersed, the subsequent weighing an 

mampulation can be carried out at leisure, since there is no ap^ecia 
of tissue coenzjTnes for at least 4 hours at room temperature 2 

contents of the beakers are transferred to the small cup 0 e ° 
blendor' wath 10 to 15 ml of 2 per cent mcotmanude wathout 
The tissue is ground for 30 to 120 seconds to produce a smoot omOo ^ 
Satisfactory results can also be obtained by grindmg with san m a 
mortar The homogenate is diluted with nicotinamide solution ° . 

100 ml The nuxture is then filtered through a No 30 Whatman 
The filtrates, which are somew hat opalescent for hver and kidney, are 

for at least 48 hours if kept refrigerated nsitivity 

Appropriate dilutions are made mth distilled w'ater to smt e ^ 2 ^ 
of the fluorometer to be used In tins laboratory a Colenmn 
fluorometer was used in a range of 0 125 to 1 Y of DPN ^Jeternun^ 
for the development of fluorescence is exactly that used for e 
tion of pyridme nucleotides m blood (1) The relation of t e 
ues for added DPN and N‘-methylnicotmamide is constant, ^ P ^ an 
reported, and, therefore, added N^-methylmcotmamide may ® ^jard is 
internal standard The necessity for the use of an mtern 
determmed largely by the degree of dilution of the tissue oa a 

the use of a more sensitive instrument one separate de er 

1 The 25 ml metal cup now available is satisfactory for this purpose 
a specially designed micro cup was employed 
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suitable N*-iuethylnicotmaimcIe or DPN standard m a given senes of analy- 
ses should bo sufficient This can be determined in mdividual cases 

Briefly the fluorometiic analysis consists of the following steps To each 
of three cuvettes is tiansfericd 0 50 ml of extract (0 3 to 1 7 of DPN) , 0 5 ml 
of water is added to Tube 1, and 1 0 ml is added to Tube 2 (the blank) 
Then 0 5 ml ot the solution containing standard (0 25 7 of DPN) is added 
to Tube 3 , 0 5 ml of acetone is added to Tubes 1 and 3 and these are mixed 
To all tubes is now' added 0 2 ml of 6 N NaOH, they are mixed and allowed 
to stand for 5 minutes, aftei w'hich 0 3 ml of 6 N HCl is added and the tubes 
heated for 2 minutes m aboihng w atei bath The tubes are cooled and 1 ml 
of 20 per cent IxHjPOi is added, the contents are diluted to an appropriate 
\ olume and the fluoiescence read with B: filters 

RESULTS AND DISCUSSION 

In developing the above method the validity of the values obtamed was 
tested and checked by comparison with those obtamed by two microbio- 
logical methods the growth assay with Hemophilus parainfluenzae, which 
IS specific for the pyridme nucleotides (11), and also the assay with Lacto- 
bacillus arabincsus by which the total nicotimc acid content of the tissues 
( 12 ) is determmed In the case of the Hemophilus parainfluenzae assay it 
w as feasible to employ the identical nicotmamide extracts prepared as above 
for the fluorometric analysis (Table I), whereas m the Lactobacillus arabino- 
sus assay (Table II) it was obviously not possible to use the extracts con- 
taimng the large excess of mcotmamide, and it was necessary to resort to 
the simultaneous analysis of another portion of the tissue taken from the 
same animal and extracted by autoclavmg m 1 N HCl, as recommended by 
Krehl and his coworkers ( 12 ) 

The summary of results in Table I shows a substantial agreement of the 
range of the values and of their respective means obtamed by the proposed 
fluorometric techmque and the specific Hemophilus parainfluenzae assay m 
rat tissues Not shown m Table I, but of great relevance to the problem of 
the determmation of the pyridme nucleotides m the tissues, is the question 
of the duphcabihty of the values obtamed by the two methods 

The average percentage difference betw een dupheate pairs m the fluoro- 
metric procedure (twelve determmations) was 0 9 per cent (range 0 to 4 per 
cent) In the nucrobiological assay (twelve determmations) the average 
percentage difference between dupheate pairs was 7 per cent (range 0 to 13 
per cent) In six imcrobiological assays m which the DPN content of each 
of the tissues was calculated from three dupheate determmations, each at a 
different dilution level of the extract, the average variation of the values 
from their mean was 9 per cent (range 2 to 30 per cent) 

In addition to the wider range of values obtamed with the microbiological 
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piocedure, ^\hlch is inherent in most biological methods, the daily response 
of Hemophilus pai ainjluenzae to identical levels of DPN vas e\treniel) 
eiiatic Fiom oiu expeiience it is apparent that optimum conditions for 
cultivation and giovth of this oigamsm aie jet to be established 

Table I 

Su7nmarrj of Data on Pyridina Nucleotide Content of Rat Tissue, Comparison of 
Values Obtained by Fluorometric Analyses and Specific Assay mtji 
Hemophilus paratnfluenzae* 

The results are gi\en in terms of micrograms of DPN per gm of fresh tissue 



1 lA%er, 12 analyses 

1 

1 KiduOt U aDal>scs 

Muscle, 9 aaal>ses 

j Fluorometric 

// paratnjlu 
en ac 

Fluorometric 

II pamittfu 
cn^c 

Fluoromet i 
ric 

3 parsin' 

jiiurUrSt 

Range 

Mean ± s d 


756-1322 
1036 ± 189 

394-1045 

725 ± 228 

452-955 

759 ± 168 

1 

372-655 j 
492 ± 76' 

3S6-520 
454 ± el 


* The fluorometric and microbiological assays were earned out on the same ex 
tracts of the tissues 


Table II 

Summary of Data on Pyridine Nucleotide Content of Rat Tissue he Calculated 
from Total Niacin Determined by Lactobacillus arabinosus Assay and 
Compared with Results Obtained by Fluorometric Method* 



1 Ia\ er, 12 analyses 

Kidney, 11 analyses 

Muscle, 9 analjses 


1 Fluorometric 1 

1 L arahinojux 

Fluorometric 1 

L arabinosus 

Fluorometric 


Range 

Mean ± s d 



650-1080 
810 ± 113 

540-1160 
785 ± 119 

44.0“55o 
490 ± 43 

385-545 

475 

i 

1 

945t 

725t 

465f 


xuc uuuruuietric ana microDioiogical data represent anaiysea uu — 
lobes, halves of a kidney, and opposite gastrocnemius muscles in the same , 
t Mean DPN values calculated from the data on the total macin content, as 
termined colorimetrically by Handler and Dann (o) 

In addition to the specific Hemophilus parainjlucnzae assay it was decid^^ 
to verify the results obtamed by the fluorometric procedure by 
the total nicotimc acid content of the tissue with the growth of Ladooaci 
arabinosus (12) A summaiy of the data obtamed m this 
shown in Table II In spite of the fact that the analyses by the two e 
mques were by necessity cairied out m separate samples of tissue, the 
ment in the range of values, standard deviation, and means is remar 
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good This IS all the more noteworthy masmuch as the L arahinosus values 
are known to represent the total niacin content of the tissues, whereas the 
acetone condensation method is known to give fluorescent derivatives only 
with the quarternary mtrogen derivatives of mcotinamide Since of these 
latter compounds only N*-methylnicotinamide and the pyridme nucleotide 
coenz^Tnes have been identified so far in the animal organism, and smee 
the former (N*-methylnicotinamide) does not produce growth -with L 
ai abinosus, it can be deduced that all of the niacin present m the rat tissues 
studied IS in the foi m of the pjTidine nucleotides This deduction is further 
supported b}^ the agi cement with the values of total niacin of rat tissues 
obtained by the use of a colorimetric chemical method by Handler and 
Dann (5) in 1941, as shown m Table II In the same pubhcation these 
w orkers show'ed that, w hile the total mcotmic acid content as deterrmned 
chemically agreed w ith those calculated from the coenzyme values obtained 
w ith Hemophilus parainfiuenzae m the case of i at kidney and muscle, the 

Table III 

Summary of Data on Pyrtdtne Nucleotide Content of Rat Tissue 
Compilation of all data obtained by the fluorometric technique Results in terms 
of micrograms of DPN per gm of fresh tissue 



Li\ er 105 analyses ! 

Kidney 82 analyses 

Muscle 65 analyses 

Alean 

SS7 

743 

432 

Total range 

490-1290 

395-1240 

240-655 

Range of } values 

700-1100 

570- 920 

340-540 


total niacm of the hvei exceeded the nucleotide niacm by about 60 per 
cent, which difference they designated “free nicotinic acid ” This discrep- 
ancy is most probably due to the partial bieakdown of the nucleotides 
durmg the process of extraction with the trichloroacetic acid employed by 
these workers Subsequently, Handler and lOem (1942) (6) showed that 
rat liver has a more active nucleotidase system than either kidney or muscle 
and demonstrated that it could be mhibited with mcotmamide 

In addition to the comparative data shown m Tables I and II a large 
number of analyses of the three rat tissues were earned out by the fluoro- 
metric method and a su mm ary of these is given in Table III The values 
for standard donation were not calculated, but the range of two-thirds of 
all values is given as obtamed from a scatter diagram The range of values 
IS wuder and the means are lower than those in Tables I and II This is 
undoubtedly due to the larger number of animals represented and also to 
variation in their nutrition While some of them were mamtamed for 
several weeks on standard Purma dog chow, others were used as they came 
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directly from the breedmg colony where they vere kept on a mixed diet 
The effect of experimental dietary restrictions and modifications upon the 
coenzyme content of rat tissues has not yet been studied by this method 
A summary of the differences in coenzyme content betiveen different 
lobes of the liver, the two kidneys, and the two gastrocnermus muscles in 
the same animals is given m Table IV The magmtude of variations as 
shown m these figures should be useful in the mterpretation of other experi- 
mental data m rats 

The foUowmg techmcal details of the method deseive special mention 
In removmg tissues for analyses it was found essential to minimize the area 
of cut surface on which the maximal destruction of coenzjTne occurs In 
this study the highest values were mvariably obtamed when whole lobes of 
hver and whole kidneys rather than ivhen pieces or slices ivere remoied 

Table IV 


Difference in Pyridine Nucleotide Conicnl of Pieces of Same Tissue of a Rat 
Expressed as percentage difference from the mean of the two values 



2 liver lobes, 

2bidoe>s ^ 

Opposite 

castrocncnuus 


29 pairs 

23 pairs 

musde, 17 pws 

Range 

0-31 

0-37 

3'"44 

Average difference ± s n 

10 zfc 7 S 

9 ± 7 7 

18 ± 13 3 

1 


It is, theiefore, suggested that xvhenever the analysis of tissue slices is 
desirable losses may be prevented by shcing the tissues uhile they are kept 
submerged m mcotmarmde solution It vail be noted that the preparation 
of tissue extracts for analyses does not mvolve deprotemization, as m the 
case of blood (1), smce it was found that m the dilutions employed the 
presence of protem did not affect the intensity of fluorescence If for some 
reason deprotemization is desirable, tiichloroacetic acid may be used m 
conjunction xvith the mcotmamide, provided the pH of the extract oes 
not fall below 1 6, smce our data indicate that at pH 1 6 and below hy ro" 
lysis of the coenzymes occurs 

The advantages of the above method are as follows The use of mc^ 
tmamide m the extraction proceduie results m less loss of pyridme nuc^^ 
otides than m any othei commonly employed procedme We are 
awaie of any known way of determmmg the absolute values without 
loss whatsoever Also, with this method of extraction the necessity 
excessive speed m mampulation isehmmated, and thus it becomespossi 
to piepare and handle a larger series of tissue extracts Once the 
tion IS completed, analysis of a set of six extracts, m duplicate, can bc 
pleted m 1 hour by an experienced analyst 
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SUMMARY 

iVn adaptation of the fluoiometnc acetone condensation method to the 
determination of the pyridine nucleotide coenz3mies in animal tissues is 
described The i apid destruction of the coenzymes is prevented by the use 
of nicotmamide in the extraction medium The vahdity of this method 
was established by substantial agreement ivith values obtained by the 
microbiologic assay with Hemoplvilus'parainfiuenzae, specific for the p3Tidme 
nucleotides Data on the pyridme nucleotide coenzyme content of rat 
liver, kidnej’’, and muscle are given The compaiison with the values for 
total macin as determined by assay with Lactohacillus arabinosus and 
colorimetrically (by previous workers) shows that all of the macm m these 
tissues IS present in the form of the nucleotides 
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INTERREL VTIONS OF PIIENYLAL^VNINE AND TYROSINE 

IN THE CHICK 

C R GE\U 

(r rom the Diiit,wn of Poultrij Husbandry, College of Agncullwe, University 
of California, Berkeley) 

(Received for publication, June 20, 1917) 

It has previously been established that the chick lequiies phenylalanine 
in its diet (1, 2) as do the lat (3) and mouse (4), but foi none of these animals 
IS tyiosme an essential dietaiy constituent (2-6) Moss and Schoen- 
hemier showed (7), by isotope tiacer methods, that an appreciable amount 
of phenylalamne is converted to tyiosine m the rat even when a large 
amount of tynosine is piesent m the diet Bauei and Berg (4) considered 
that for the mouse a lack of tyrosine imposed an additional need for phen- 
ylalanme, Almquist and Grau (2) found that chicks fed diets containing 
1 per cent DL-phenylalanine alone grew poorer than those fed diets which 
contained, m addition, 2 per cent L-tyrosme A high level of nL-phenyl- 
alamne (3 per cent) obviated the need for tyiosme Recently, Womack 
and Rose (8) demonstrated that m the rat tyrosme is capable of stimu- 
lating groivth only when phenylalanine is furnished m suboptimum amounts 
The present report is concerned ivith the results of feeding various levels 
of phenylalamne and tyrosine on the groivth of clucks, and with determma- 
tions of the percentage retention for tissue foimation of these components 
of the diet 

Methods 

^Vhlte Leghorn chicks were reared on a commercial type of diet untd 
they were 2 weeks old, when they were segregated on the basis of weight 
and were given the experimental diets, which consisted of the following 
ingredients (in gm ) nn-alanme 1 5, L-argmine monohydrochlonde 1 2, 
L-cystine 0 5, n-glutamic acid 5 0, glycme 1 8, n-histidme monohydrochlo- 
nde monohydrate 0 8, nn-isoleucme 1 0, n-leucme 1 5, L-lysme monohy- 
drochloride 1 4, DL-methionme 0 6, L-prohne 2 0, DL-threonme 13,* 
DL-tryptophan 0 5, DL-vahne 1 5, sodium bicarbonate 1 5, cellulose’ 6, 
calcium gluconate 8, mmeial mixture 3 8, crude soy bean oil 5, sardme 
oil (400 vitamm D and 3000 vitamm A umts pei gm ) 0 25, natural mixed 
tocopherols* 0 05, choline chloride’ 0 2, mositol 0 1, chohe acid 0 1, 2- 

* Cellu flour 

* Natural mixed tocopherols (15 per cent). Distillation Products, Inc 

’ Choline chloride was provided by the Lederle Laboratories Division, American 
Cyanamid Company, through the courtesy of Dr T H Jukes 
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metliyl-l,4-iiaplithohydroqumone diacetate 0 001, thiamine 0 001, nbo- 
flavin 0 001, pyridoxme 0 001, mcotmic acid 0 003, calcium (d) 
pantothenate 0 003, biotm* 0 00001, pteroylglutamic acid« 0 0001, and 
glucose® to make 100 gm The mmeral mixture contributed the following 
matenal 3 ,[m gm to each 100 gm of diet tncalcium phosphate 2 0, dipotas 
Slum phosphate 0 5, potassium chloride 0 3, manganese 0 01, sibcon 0 046, 
magnesium 0 048, alummum 0 008, non 0 014, copper 0 001, zmc 0001, 
lodme 0 0008, and cobalt 0 0005 Supplements consisted of DL-phenyl 
alanme or L-tyrosme or mixtures of these two ammo acids Feed an 
water were supphed ad libitum 

In Experiment 1, pairs of carefully selected chicks weighing 69 o 
gm were fed diets contaming 1 0 per cent phenylalamne plus 2 P®'’ 
tyrosme, or 2 per cent phenylalanme, or 2 per cent tyrosme The c o 
were weighed daily for 8 days In Experiments 2 and 3, each bird was ep 
m an mdividual wire-floored compartment of an electncally heated 
brooder m order that accurate records of feed mtake might be obtain 
Chicks and feed were weighed daily After a total of 12 days^ on e 
diets, the chicks w'ere killed and the carcasses w ere analyzed for p eo 
ylalamne, tyrosme, and mtrogen by methods previously descnbed 1 


Results 

Growth Rates— In Experiment 1, the tvo chicks fed a diet 
1 0 per cent DL-phenylalamne and 2 0 per cent i^-tyrosme gamed 
4 3 per cent per day,® while four chicks fed 2 0 per cent phenylalanine u 
no tyrosme gamed 3 4, 3 9, 3 9, and 6 1 per cent per day, respec ii^^ 
These two diets were of approximately equal value in promotmg gro 
The four chicks fed 2 0 per cent tyrosme but no phenylalamne lost ^ 
(growth rate of —2 5 per cent per day), thus these results con 
mdispensable nature of phenylalanme m the chick (1, 2) 

In Experiments 2 and 3, m which various levels of phenylalamne^ 
tyrosme were fed, the growth rates obtamed gave an mdication 
levels of these ammo acids required for optimum groiHh In 
2, a high level of tyrosme (2 2 per cent®) i\as kept constant m a 


* Biotm was furnished by Merck and Company, Inc ^er 

^ Pteroylglutamic acid was provided by the Lederle Laboratories > 

lean Cyanamid Company, through the courtesy of Dr E L R Sto 


® Cerelose 

’’ In Experiment 3, one of each pair of chicks as kept for 24 days 


before it 


killed 

8 Per cent gain per day 
experiment) 


(average gam per day X 100)/(average we g 

periment) , phenylalam^® 

’ This level of tyrosine is equivalent on a mole basis to 2 0 per ce ^ 
both Experiments 2 and 3, the tyrosine levels used were 110 per cen 


In 

ylalamne levels 
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^\hlle the phcnylalanme level was vaiied Fig 1, A shows the groviih 
rates obtained with the several levels of phenylalanine Best gro^vth was 
obtained when 0 6 to 0 S per cent phenylalanine was piesent, at levels 
above 1 0 per cent, phenylalanine was found to have a distinctly depressing 
effect on growth ^^^len tyrosine was kept constant at 1 1 per cent (E\- 
perinient 3), the minimum required level remained unchanged, and there 
w as no growth-depiessing effect of higher levels of phenylalanme When 
phenylalanine was held constant at marginal (0 8 per cent) or submarginal 
(0 i per cent) levels, while tyrosme was vaiied, tyrosine had a defimte 



Fig 1, A The effects on individual growth rates of various levels of phenylala- 
nine when the diet contained 2 2 or 1 1 per cent tyrosine 

Fig 1, B Individual growth rates of chicks fed various levels of tyrosme when 
the diet contained 0 4 or 0 8 per cent phenylalanine The tyrosine (foot-note 9) 
values are corrected 

growth-promoting effect (Fig 1,B) Data are msufficient to show whether 
there is any difference in the tyrosine requirement between the two phenyl- 
alamne levels used 

The data presented in Fig 1 show clearly that the chick has a defimte 
requirement for phenylalanme (0 6 to 0 8 per cent), and that m addition 
tyrosme or phenylalanme must be supphed at an approximately equal 
level m order to satisfy the tyrosme requirement This is analogous to 
the sulfur ammo acid requirements, m which the cystme requirement 
can be satisfied by cystme or methionme, but only methionme can satisfy 
the methionme requirement for tissue formation 

Feed Consumphon — In Experiment 2 feed consumption of aU chicks was 
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low for the 1st day, thereafter theie were individual daily fluctuations 
which are not of impoitance to this study In Evpeinnent 3 this lag m 
consumption was eliminated by feeding a diet of a consistency similar to the 
aimno acid diet bcfoie the e\peiimcnt w’as staited The actual amounts^ 
are important in so fai as they allow' calculation of the ammo acid and 
mtrogen intakes 

Retention of Ingested Amino Acids — Fiom the feed consumption data, 
it was possible to calculate the amounts of phenylalamne, tyrosme, and 
nitrogen ingested From the initial chick w eight, the amino acid content 
of each carcass ivas estimated (9), and the actual amount w as detennmedbi 
analysis at the end of the e\peiiment The difference between the mitial 
and final contents (the amount letamed) w'as then dnided by the amount 
mgested and multiplied by 100 to give the pei cent letained of nutnent 
consumed Some of these peicentages weie negatne, and some were 
indeterminate (when a phenylalamne-fiee diet was fed, the percentage of 
phenylalanine letained could not be calculated) 

The retention values foi the ammo acids aie actually minimum values 
for the efficiencies of utilization, for they aie the rccoieries of the ammo 
acids themselves Any phenylalanine transfomied into tyrosme or other 
ammo acids is not included m the peiccntage letamed, jet this amount 
w'ould have to be included it a a aluc w ere to be called an efficiency of utihza 
tion “ 

In Fig 2 the lesults of these retention calculations are presented for 
Experiment 2, m which 2 per cent tyiosme (collected) was a constan 
component of the diets The cuive foi phenj'lalanine lose rapidly from a 
laige negative value to about 35 per cent at 0 6 pei cent phenylalamne, 
after w'hich it decreased to about 7 per cent at 2 per cent phenylalamne 
The mtiogen letention follow'ed a similai couise, but did not decrease ^ 
much as did phenylalanine at the higher levels This level of tjrosme i 
not allow its efficient use at any level of phenj'lalanine, the highest lau 
observed was 9 pei cent 

When a lower level of tyrosme w'as emploj'ed (Experiment 3, Fig > 

The contents of the carcasses at the end of the experiment were 
analysis rather than by calculation from body weight and previously publis e 
(9), because the effect of the diet on the composition of the bodj proteins w 
known (c/ also “Constancy of tissue protein composition,” below) 

“ The work of Moss and Schoenheimer (7) indicated that more than 25 
of ingested phenylalamne is transformed to tyrosine and incorporated into 
proteins of growing rats fed a diet adequate in both these ammo acids 
tion of the chick results on the basis of this work increases the phenylalamn^^ 
tion from the retention value of 14 to 21 per cent, and decreases the tyrosin 
tion from 18 to 5 per cent These results are calculated from the chic 
ment 3 which were fed 1 1 per cent tyrosine and 2 0 per cent phenyla anin 
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the same curve foims ucre found The phenylalamne retention decreased 
os the diet became overloaded with this ammo acid, but the mtrogen 
retention did not decline It will be recalled that rate of growth was 
ad\ ersely affected bj high phenylalanine levels when tyrosme was 
present at the 2 pei cent level, but not at the 1 pei cent tyrosme level 



Fig 2 Fig 3 

Fig 2 The effects of the phenylalanine content of the diet on the percentage 
nutrient retained of that consumed when all diets contained 2 2 per cent tyrosine 
Fig 3 The effects of the phenylalanine content of the diet on the percentage 
nutrient retained of that consumed when all diets contained 1 1 per cent tyrosine 

As w'ould be expected, the tyrosme retention was higher than before, but 
still below the mtrogen retention 

In both expeiunents (Figs 2 and 3) the optimum peicentage retention 
of phenylalanme was practically identical with that of mtrogen If only- 
one of the phenylalanme isomeis were bemg used for tissue formation, the 
phenylalanme retention would be only about half the mtrogen retention 
Thus it appears that the isomers of phenylalanme are of equal value m 
piomotmg growth m the chick, as they are m the rat (10) and mouse (4) 
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These retentions were approximately equal to those obtamed when the 
diets fed were of a purified type, or composed of natural feedstuffs 
When the phenylalanme level was suboptunum (0 4 per cent, Fig 4), 
mtrogen retention was markedly increased as the dietary tyrosine level''} 
was mcreased, although this retention curve was defimtely below that 
obtamed with 0 8 per cent phenylalanine The phenylalamne curves of 



per cent) or submarginal (0 4 per cent) reteatioa 

Fig 5 The relation of the tyrosine content of the diet to the percen ag 
of phenylalanine (Pa) at two phenylalanine levels 

Fig 5 show that tyrosine aided in the retention of the 

levels of phenylalamne, but that a greater effect was pioduce 
phenylalamne level of the diet was suboptimum 

j j Uy ^ mixture 

A purified diet, in which all the 20 per cent protein was provi e ^yerage 
of casein, arginine, cystine, and glycine, yielded the following reten 32 per 

and the range of four chicks) nitrogen 40 per cent (34 to 43), P slightly 
cent (27 to 35), tyrosine 20 per cent (18 to 22) Casein contri ^ g^gnts, hence 
phenylalanine to the diet than is necessary to satisfy the chic req 
the phenylalanine retention is lower than that of nitrogen 
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It \%as indicated in Fig3 2 and 3 that dietary tyrosine was never ef- 
ficiently retained when high levels of tyrosine were present in all diets 
Wien only a mmimuin level of phenylalanine was fed, an appreciable 
amount of mgested tyrosme was retained at low tyrosine levels (Fig 6) 
The most efficient retention of tyrosme was found when the diet contamed 
marginal phenylalamne and insufficient tyrosme for best growth 
Constancy of Tissue Protein Composition — The extent to which an animal 
existing imder the stress of a deficient diet can change the ammo acid 
contents of its tissue protem is not well known Considerable work has 
been done on this subject, involving principally carcass analyses for ni- 

Table I 


Relalton of Lhet to •iinino Acid Composition of Carcass Crude Protein (N X 6 25) 
The deficient diets contamed 0 to 0 4 per cent of the ammo acid, optimum 0 6 
to 1 0 per cent, excess 1 5 to 2 0 per cent 


PbenylalaniDc 

Tyrosme 

Ammo acids m carcass protem 

Phenylalamne 

Tyrosme 

Deficient 

Deficient 

cent 

4 9 

per cent 

2 9 

tt 

Optimum 

4 9 

3 0 


Excess 

4 8 

3 0 

Optimum 

Deficient 

4 9 

2 8 

ti 

Optimum 

4 7 

2 8 


Excess 

4 6 

2 9 

Deficient 

Optimum 

5 0 

2 8 

Optimum 


4 9 

2 8 

Excesa 


5 2 

3 0 


trogen and sulfur rather than for mdividual ammo acids The early 
work (reviewed by Gathcart (11) and Lee and Lewis (12)) yielded no 
unequivocal answer Consequently Lee and Lewis (12) mvestigated the 
problem by analyzmg carcasses of rats that were fasted, or fasted and refed, 
or fed a cystme-deficient diet The ammo acids studied were cystme, 
tyrosme, and tiyptophan, and in these no deviations from normal vere 
found under any of these conditions 

Pertment data obtamed from Experiment 3 are presented m Table I, 
from which it is apparent that there is no consistent effect of the various 
dietary levels on the levels found m the protem There are several con- 
clusions to be drawn from this fact (1) The animal must fit the ammo 
acids available mto a rigid pattern of amino acids m tissue protem, if 
the diet does not contam a particular ammo acid, either the anim al must 
manufacture it, or new tissue will not be formed, and old tissue will break 
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doATO (2) There is no appreciable amino acid storage This has lon^ 
been apparent from the rapid effect on groAvth noted after an animals 
placed on an ammo acid-deficient diet (3) ^en fed a diet deficient 
m an essential ammo acid, the animal wastes all ammo acids, for the proper-' 
tions are kept constant in its tissues (4) FmaUy, and perhaps mo4 
important, we are justified m considering the rate of growth as the most 
important criterion of dietai-y protein adequacy, because it is a measure of 
the actual amount of ammo acids laid doim m the tissue proteins 



tyrosine content of the diet to the percentage retention 
of tyrosine (Ty) at tno phenilalanme levels 


SUAUl VHIT 

The chick requires 0 6 to 0 8 per cent DL-phenylalanme in its diet for 
op mium gioivth, plus an equal amount of either phenylalanine or ^ 
yrosme to piovide foi the tyiosme requuement Tyrosine can thus 
spare p enylalamne only when margmal or submargmal levels of phenyl 
alamne are present 

Under optimum conditions, appio\imately 35 per cent of the inge=l®^ 
phenylalamne is incorporated into the body pioteins Because this per- 
centage IS practically identical with the per cent of mtrogen retained, 

IS concluded that both optical isomers of phenydalanine are used by ® 
c ick, as they aie in the lat and mouse Tyurosine is not efiSciently retainer 
un ess the phenj lalanine level for giowth is margmal and the tyTOsm® 
level IS submargmal 

The phenylalamne and tyrosine contents of the diets had no effect on 
the levels of these ammo acids m the tissue proteins 
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A COLORIMETRIC PROCEDURE FOR THE DETERMINATION 
OF SMALL AMOUNTS OF FATTY ACID 

W R BLOOR 

(from the Department of Biochemtstnj and Pharmacology, Sehool of Medicine and 
Dentistry, The Unncrsity of Rochester, Rochester, New York) 

(Received for publication, July 14, 1947) 

The basis of the method is the measurement of the color change pro- 
duced by the reduemg action of fatty acid or cholesterol on a sulfunc 
acid-dichromate nuxture This reaction has been used in several ways 
for the determmation of fatty acids and other organic material Bang (1) 
made it the basis of a micromethod by titratmg the excess of dichromate 
with starch-iodine and thiosulfate In this laboratory (2) the procedure 
of Bang was modified to make the oxidation complete Van Slyke and 
Folch (3) used the reagent by coUectmg and measurmg the carbon dioxide 
evolved m the oxidation As fai as can be determined, no one has reported 
the use of the color change in the reagent as a means of measurement of 
fatty acids or other orgamc material, and, smee it was found that the change 
was closely proportional to the amount of fatty acid oxidized and that the 
actual determmation was rapid and easy to carry out, a procedure was 
developed and reported (4) Since the reagent is sensitive to organic 
matter of all kmds, it is necessary to isolate the fatty acids before measure- 
ment The procedure for the isolation has been worked out by previous 
mvestigators and need not be reported here The change m color cannot 
be measured m the Duboscq or similar visual colorimeters, but it can be 
detemuned by the photoelectric type of instrument For greater^sensitiv- 
ity a depth of hqmd greater than m the ordinary photoelectnc colorimeter 
was desirable and a special colorimeter was devised and is described below 
Reagent — The Nicloux type of sulfuric acid-dichromate reagent was used 
It IS made by dissolvmg 10 gm of AgNOs and 10 gm of KsCroO? separately 
in water, mixmg the solutions, and purifymg the precipitated silver 
dichromate by centnfugmg and washing the precipitate two or three times 
with water in the centrifuge 100 cc centrifuge tubes were found con- 
vement for mixmg and washing The separated precipitate was dissolved 
m 500 cc of concentrated H 2 SO 1 and kept m a glass-stoppered bottle 
Solvent — Either purified petroleum ether or a mixture of 7 parts of pe- 
troleum ether to 1 of chloroform can be used The latter is more 
satisfactory, smee it does not easily form emulsions m extractmg hpide 
from either acid or alkahne solutions 
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Procedure 

The material to be deteimmed (fatty acid or cholesterol), dissolved in 
petroleum ether or petroleum ether-chloroform (7 1), i\as made to a- 
volume such that 1 cc contained about 0 1 mg of the substance to be 
measured From this solution an aliquot contaimng 0 4 to 0 5 mg i\as 
measured into a 50 cc beaker and the same volume of solvent alone waa 
measured into anothei beaker The solvents vv'ere evaporated by immer 
Sion in boiling water, after which 3 cc of the reagent were measured into 
the beakers and the mixture digested for 15 minutes in a closed vessel set 
m boiling water At the end of the period 3 cc of distilled w'ater were 
added and the mixture set aside for 10 minutes to cool, after which it waa 
transferred to the coloiimeter cups and readings made The values were 
determined by the use of a calibration ciiive Caie was taken during 
the evaporation of the solvmnt not to expose the tiny residues to heat an 
air longer than necessar}’' to lemove the solvent completelj’’, smce even t e 
lughei fatty acids are appieciably volatile and oxidizable under t e^e 
conditions Slight changes occui m the diluted mixtuie on standing, so 
that it IS advisable to make the leadings neai the 10 mmute pomt i 
urement of the dichiomate reduced and hence of the amount o pi ® 
piesent can be made bj titiation with thiosulfate and starch int 
way By this means it was found that, bj the procedure given, t e a 
acid 01 cholesterol w as oxidized to the extent of about SS per cent o ^ 
theoretical v alue, and the amount of reagent used constituted an excess 
of about 4 times that needed for this oxidation , 

Calihaiion Cunes foi Pally Acid oi Choleslerol — For tins purpose a 
acid 01 cholesterol was dissolved m petroleum ethei or petroleum e 
chloroform (7 1) and made to volume such that 1 cc of the so u ion 
tamed 0 1 mg of the staudaid substance 

Either palmitic, stearic, or oleic acid may be used as standar , sine ^ 
differences in values aie witlim the limit of eiioi of the me 
cholesterol does give significantly higher values, a separate 
for it For the calibration, fiom 1 to S cc of the standard 
measuied mto one of the 50 cc beakers and the same amoun o 
into another After evapoiation of the solvent the qi- ten 

as chrected m the pioceduie and readings were made on 

determinations were made at each level and the positions 
coordinate paper The results are showm on the cahbration gur'VeS" 
accuiacy of the measurements was about ±5 per cent 
obtamed are shown m Fig 1 + q at present 

Special Colonmeler — In most of the photoelectric colorune ^gj.(jss 

available the mtensity of color is measured by passmg jjjgjeased 

small tubes (about 25 mm m diameter) The sensitivity m the 

by the use of a greater thickness of solution, such as is o 
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Fig 1 Calibration curves for cholesterol and fatty acid 



cups used in the visual colorimeters Such cups are used m the instrument 
described below No claun can be made for ongmahty m idea and veiy 
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little m device for this instiumeQt, since a similar one has already been 
desciibed (5), but the simplicity of construction, ease of use, and versatibty 
of the present instrument aie beheved to warrant its description 

A diagram of the special instrument is shown m Fig 2 It consists of 
an oblong box about 41 X 5 X 7 inches mth a light-tight door The 
working parts (holders) are made of 3/32 inch bakelite or sunilar material, 
sliding m and out of grooves in the inside of the box The light system 
IS a modification of that descnbed by Evelyn (6) and consists of a 6 volt 
flashlight bulb with a G volt automobile battery as the source of cunent 
In the present work it was necessary to keep the battery fully charged, 
so that a permanent connection with a chaigei is desirable The 
colorimeter cups are carried in a slide mounted on another holder which 
has an opemng directly ovei the light souice The slide is operated from 
outside the box and is so constructed that fiist the cup contaimng the blanh 
and after adjustment the cup contaimng the solution to be measured are 
centered over the hght A light filter and the flaslilight bulb are moimted 
in similar holdeis beneath the cups, as shomi in Fig 2 (In the present 
work no filter was found u hich gave bettei results than the unfiltered white 
light ) 

Situated a short distance above the colorimetei cups is the photoelectnc 
cell (Weston model 594, tj^ie 2, C08-0) connected to a galvanometer of the 
ordinary student type (Leeds and Northrup type P) 

In operation the colorimeter cups contaming the blank and the solution 
to be measured are mounted m the sliding plate and the cup containi^ 
the blank solution is pushed over the light The galvanometer is adjust 
by means of the variable resistances R and R\ to a convenient pomt on t e 
scale and let stand foi a minute or two to come to rest, then after 
adjustment the cup contaming the solution to be tested is pushed in » 
place and readmgs made The difference between this readmg an ® 
reading set for the blank is the readmg for the solution being tested ® 
values are then read off the calibration curve 

sraniARY 

A method is descnbed for the colormetiic determmation 
of fatty acid or cholesterol, makmg use of a special type of photoe ec 
colorimeter 
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THE CLEAVAGE OF PIIOSPHOLIPIDES BY BRAIN TISSUE* 

W4RREN iM SPERRY 
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Hospital, and the College of Physicians and Surgeons, Columbia University, 

New York) 

(Received for publication, July IG, 1947) 

Studies of brain metabolism with isotopic indicators are unanimous m 
show mg that the rate of turnovei of lipides in the adult rat brain is exceed- 
ingly slow i?i viio (1-G) The results obtained by several mvestigators with 
P^ are particularly convincing in demonstrating a low rate of phospholipide 
metabohsm It might be expected fiom these findings that no change m 
lipides, detectable ivitli conventional methods, would occur dunng short 
periods of mcubation of brain preparations in vitro However, the chemical 
behavior of isolated tissue is not necessarily the same as it is m its natural 
environment m the hvmg animal, and it seemed worth while to mclude some 
measurements of lipides in a study of biam respiration under way in our 
laboratory 

These preliminaiy expeiiments showed an apparent decrease m the phos- 
phorus of the fraction of bram homogenates, soluble in organic solvents, 
during a 4 hour period of incubation This findmg was confirmed and stud- 
ied in considerable detail 


EXPERIMENTXL 

Brain tissue fiom rats was homogenized ivith the all-glass apparatus of 
Potter and Elvehjem (7) m saline-carbonate buffer, saturated with 5 per 
cent CO 2-95 per cent O 2 In the experiments through Experiment 45 (Table 
I) the buffer was at room temperature and the homogenizer was run from 
40 to 50 seconds The tube was moved up and down contmuously durmg 
the homogemzation The temperature did not increase perceptibly to the 
touch However, to mmimize possible effects of frictional heatmg, from 
Experiment 45 through the rest of the mvestigation cold buffers were used 
and the tune of homogenization was reduced to 25 to 30 seconds For 
control determmations portions of the homogenates, as shown m Table I, 
were pipetted mto 25 cc volumetnc flasks and extracted at once with 
alcohol-ether (3 1) In Experiments 10 to 14, inclusive, other portions 
were employed for respiratory measurements in the Warburg apparatus, 

* Preliminary reports of this investigation were presented to the Division of 
Biological Chemistry of the American Chemical Society at Buffalo, 1942, and to the 
American Society of Biological Chemists {Federation Proc , 2, 70 (1943)) 
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Table I 

Decrease in Lipidc Phosphorus during Incubation of Brain hssue^ Homogenates 
in Carbonate Buffer for 4 Hours with Bhal ing at 37 o° 


Eiperunent 

Tissue 

\\ eight of 
bramt 
per cc 
homogenate 

Volume 

of 

homog 

enatet 

Phosphorus per 
jng bram 

Decrease 

No 

Control 

Incubated 


10 

11 

12 

13 

14 

15 

16 

17 

27 

29 

30 

31 

32 

33§ 

34§ 

35§ 

36 

37 

38 

39 

40 

41 

41 

42§ 

43 

45 

46 

47 

53 

55 

55 

56 

Whole brain 

(t tt 

it ti 

tt it 

it tt 

Cerebral hemispheres 

l( tt 

tt tt 

tt tt 

tt tt 

tt tt 

tt tt 

tt tt 

tt it 

tt tt 

tt tt 

Cerebellum + brain stem* 
Cerebral hemispheres 

tt tt 

tt tt 

tt tt 

tt tt 

Cerebellum + brain stem* 
Whole brain 

tt It 

tt tt 

(( 

tt it 

It tt 

Cerebral hemispheres 
Cerebellum + brain stem* 
Whole brain 

mg 

131 

130 

131 

131 

4S 

133 

131 

131 

S3 

91 

90 

15S 

173 

165 

189 

199 

153 

148 

168 

153 

167 

167 

166 

167 

141 

177 

164 

147 

165 
162 
137 
172 

cc 

1 0 

1 0 

1 0 

1 0 

2 0 

1 0 

1 0 

1 0 

2 0 

2 0 

2 0 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

2 0 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

7 

2 64 

2 57 

2 61 

2 64 

2 53 

2 53 

2 48 

2 48 

2 61 

2 57 

2 25 

2 37 

2 33 

1 61 

1 76 

1 76 

2 51 

2 27 

2 30 

2 60 

2 37 

2 27 

2 55 

1 62 

2 50 

2 52 

2 35 

2 49 

2 44 

2 30 

2 69 

2 39 

7 

2 40 

2 33 

2 52 

2 24 

2 29 

2 15 

2 31 

2 27 

2 41 

2 49 

2 15 

1 96 

2 16 

1 35 

1 56 

1 67 

2 28 

2 18 

1 99 

2 25 

2 29 

2 IS 

2 45 

1 53 

2 39 

2 30 

2 24 

2 29 

2 16 

2 13 

2 55 

2 17 

per uni 

9 1 
93 
34 

15 2 

9 5 

15 0 
69 
S5 
77 

3 1 
44 

17 3 
73 
161 
114 

3 1 
92 
40 

13 5 
13 5 
34 
40 
39 

5 6 
44 
87 
47 
80 
11 5 

7 4 
52 
92 


Including medulla and pons , measurement 

t The data in this column are only appro\iniate, but errors in jiothof the 

have no effect on the percentage decrease, since they apply equa 
phosphorus values a for control 

{The volumes shown were pipetted into 25 cc m whioh th® 

determinations and for incubation, e\cept in Experiments o ’ 
incubated samples were pipetted at the end of the j„y 3 B\perimeDt 

§ Age of rats Ei-penment 33, IS days. Experiments 34 and o, 

42, 16 days, other rats adults 
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nncl it the end of i 4 hour peuod of shaking m the bath at 37 5° samples 
^\ ere pipetted foi e\ti action e\actly as in the control analyses In the re- 
maining experiments “contiol” and “incubated” portions were pipetted 
into 25 cc volumetric flasks at the start of the experiment The “control” 
samples were extracted at once, the experimental samples were shaken for 
4 houis in the Warbuig appaiatus and then extracted The stoppers ^\ere 
removed and the flasks w ere flushed out with C0j-0> at mtervals of about 
1 hour during the period of incubation 

In making the extractions about 15 cc of solvent u ere added and brought 
to a boil and the flasks vere allowed to stand, usually overmght Solvent 
w as added to the mark and the contents w ere thoroughly mixed and filtered 
Phosphorus was determined in 1 cc portions of the filtiate by Sperrj^’s 
micro modification (8) of the Fiske and Subbaiow method (9) 

In most of the expeiiments two contiol and two mcubated samples were 
extracted and each sample was analyzed m duphcate, i e , each phosphorus 
value, with a few exceptions, is the average of four determinations An 
estimate of the error of the pioceduie for detei mining phosphorus in the 
extracts was obtained b}’’ calculating the standard deviation of the per- 
centage deviations of the duphcate estimations from their respective means 
The standard deviation of 344 such values was ± 1 1 pei cent This es- 
timate does not include the eiiois of preparing the extracts, particularly 
of pipetting samples of the homogenates w hich usuallv contained an bubbles 
and w'ere not entirely homogeneous ‘ An estimate of the ovei-all error 
w'as obtamed by calculating the standard deMation of the four analyses 
(tw 0 on each of tw o samples) fiom their respectix e means The value w as 
±19 pel cent 

Although in some of the experiments the decreases in lipide phosphorus 
content (Table I) xvere not significant, the majority were too large to be 
fortuitous and the fact that a change m the same direction was observed 
m every experiment leaves no doubt that the oxei-all result is sigmficant 
The wade variation in the magnitude of the change is probably related to 
variations in the preparation of the homogenates 

The loss of lipide phosphorus dunng mcubation of biain tissue appears 
to demonstrate the presence in bram of a fauly active mechanism capable 
of cleaving phospholipides, but other explanations w ere considered That 
non-hpide phosphorus was extracted m the control but not in the mcubated 
samples appeared unlikely from some experiments m which the filtered 
alcohol-ether extracts from lephcate control and mcubated samples were 
taken to dryness and reextracted with ethylene chloride The solutions 
were made up to the original volume and phosphorus was determined in 

1 In the latter part of the work, starting with Experiment 71, the samples of the 
emulsions were weighed to minimize this error 
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1 cc portions A comparison of the results (Table II) \vith the correspond- 
ing values foimd in alcohol-ether extracts of the same homogenates (Table 
I) shows that although only about three-fourths of the alcohol-ether soluble 
phosphorus was extracted by ethylene cliloride the percentage differences 
between control and incubated homogenates v ere as large as, or in some 
experiments considerably larger than, those found m the alcohol-ether 
extracts 

More senous is the possibility that a portion of the phosphohpides be- 
came msoluble dunng incubation through the formation of stable combma 
tions with protem, or m some other way Three types of evidence, hearing 
on this pomt, were obtained In one series of experiments a different and 
somewhat more efficient solvent mixture, meth 3 1 alcohol-chloroform (1 1), 


Tabli. II 

Reexlraclton utlh nthylcnc Chloride 


£xp«nznex]t 

Phosphoni5 per mg bram| 

1 

Decrease 

Eipenment j 
No 

Phosphoms per mg brain* 

Deoci-e 


Control 

1 

1 

Incubated 

Control ' 

1 

1 Incubitfd 



Wm 

■H 


i 

y 

7 

pacisl 

32 

HO 



35 

1 4S 

1 30 

■M 

33 

mim 



39S* 

1 So 

1 54 

mm 

34 

1 34 

IB 

Bl 

42 

1 30 

1 IS 

n 


* In this experiment rat blood serum was added to the homogenate In thecof 
responding experiment, in which alcohol ether was Used is the only £>oh ent, the 
decrease was 10 0 per cent 


wms compared with alcohol-ether The technique was the same as that 
described except that incubation was continued for 21 to 34 houis, mthor 
without shakmg durmg the first 6 or 7 houm, and the more complex carbona e 
buffer of Krebs and Henseleit (10), with phosphate onutted, was used m 
Kxperiments 79 to 88 Merthiolate was added m the proportion of 10 mg 
to 100 cc of buffer Each phosphorus value (Table III) is the average ^ 
at least four determmations, tw o on each of two samples of the bram horn 
genate Although methyl alcohol-cliloroform extracted a httle more 
phorus than alcohol-ethei , the decreases were about the same with ^ ® 
solvent mLxtures, except m Expenment 87 m which a verj high 
decrease wms found in the samples exti acted with alcohol-ether This 
IS so far out of line with othei lesults obtained m this mvestigation 
IS open to serious question, but the replicate deteimmatioiis agree c 
and there is no evident reason for excluding it ^ of 

In a further effort to laile out a change m solubility as an e.xp an^^^ 
the results an entirely different method of extraction w as employe , t 
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colloidal iron procedure of Folch and Van Slyke (11) In the first attempts 
to apply this teclmique to brain homogenates the agreement among reph- 
cates w as poor and the amounts of lipide phosphorus found were only about 
half of those obtained with direct alcohol-ether extraction The method 
w as stuched m considerable detail, i\ath particular attention to the procedure 
for extraction from the colloidal iron precipitate Various amounts of 
^^ater i\ere added to the precipitate and vaiious combmations of solvents 


T\bi,e III 

Comparison of Sohenls 



Alcohol ether (3 1) 

Methyl alcohol chloroform (1 1) 

Expcnmeat 

^o 

Phosphorus per ms bram 

Decrease 

Phosphorus per mg bram 



Control 

Incubated 

Control 

Incubated 



7 

7 

per cent 

7 

7 

per cent 

51 

2 32 

1 97 

15 1 

2 44 

2 12 

13 1 

51B* 

2 46 

1 88 

23 6 

2 65 

2 19 

17 4 

52 

2 35 

2 03t 

13 6 

2 55 

2 20 

13 7 

52B* 

2 31 

1 74 

24 7 

2 66 

2 05 

22 9 

79t 

0 98 

0 82 

16 3 

1 06 

0 88 

17 0 

81 

2 42 

2 08 

14 0 

2 53 

2 18 

13 8 

82 

2 09 

1 97 

5 7 1 

2 38 

2 18 

8 4 

87 

2 33 

0 90 

61 4§ 

2 78 

2 49 

10 4 

88 

2 16 

1 87 

13 4 

2 28 

1 97 

13 6 


* Rat blood was added to the brain homogenates in these experiments 
t The phosphorus value found in one of the samples was so low (1 56 7) that an 
error seemed likely and the value was omitted from the average 
t The brams of 5 day-old rats were used 

§ The individual phosphorus values were as follows control Flask 1,2 32 and 2 33, 
control Flask 2, 2 34, and 2 34, incubated Flask 1, 0 91 and 0 89, incubated Flask 2, 
0 89 and 0 90 

were tried Fairly umform results were obtamed with the foUowmg pro- 
cedure Approximately 0 2 cc portions of the homogenate were placed m 
tared 15 cc centrifuge tubes, weighed, and treated as described by Folch 
and Van Slyke The precipitate was washed twice with magnesium sulfate 
solution and once with water Either 0 8 or 1 1 cc of water and 2 cc of 
alcohol were added and the precipitate was stirred into suspension and 
transferred to a 10 cc volumetric flask Two 1 cc portions of alcohol 
followed by 2 and 1 cc portions of ether were used m washmg The flask 
was filled to the mark with ether and 1 0 cc portions of the filtrate were 
taken for phosphorus determination In the prelimmary experiments the 
quantity of water added was varied from none to 1 6 cc Maximal yields 
of hpide phosphorus were obtamed with 0 8 and 1 1 cc and both of these 
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quantities ■\^ele used m the incubation experiments In most instances 
the leco^ ery as aiound 65 to 70 per cent of the dnectly extractable phos 
phoius, though occasionally \ allies up to approximately 80 per cent were 
found Despite this large discrepancy the percentage decrease dunng incu 


Table IV 


Exlraclion with Folch-Van Style Procedure 


Experiment No 

1 

Extraction procedure 

1 

Water added j 

] 

Phosphorus per mg brain 

Decrease 

Control 

Incubated 


SI 

Direct 

re 

7 

2 42 

7 

2 OS 

ftt ant 

14 0 


Folch-Van Sljke 


1 59 

1 40 

11 9 


it 


1 72 

1 41 

16 3 

82 

Direct 


2 09 

1 97 

57 


Folch-t an Sljke 


1 43 

1 35 

5 6 


it 


1 53 

1 57 

0 

87 

Direct 


2 33 

0 90 

61 4 


Folch't an Sljke 

1 1 

1 91 

0 71 

62 8 

88 

Direct 


2 IG 

1 87 

13 4 

1 

Folch-Van Slyke 

0 s 

1 31 

1 25 

67 



1 1 

1 41 

1 40 

1 

0 


Table V 

Behavior of Alcohol-Elher-Solublc Lipidcs of Brain Tissue Homogenates during 

Ineubation for 4 Hours _ 


Experiment 

\o 

Lipides per mg brain 

Change 

Experiment 

^0 

Lipides per mg bram 

Chmse 

Control 

Incubated 

Control 

Incubated 

10 

12 

13 

15 

16 

1 



1 

1 


per ant 

-1-3 1 
-1 6 
+12 
-2 4 
+2 3 


bation of 0 2 cc portions of the homogenates in centiifuge tubes was ^ 
of the same older of magmtude as that found m replicate samples o 
same homogenate extiacted dnectly (Table IV) The finding 

bly high valuesiiith both proceduiesmExpeiunent87]sparticularlys r ' = 

{cf Table III) ^ ^jjg 

A third type of evidence against the mteipietation of the ° 
basis of a change m solubility was obtained from measurements ^ ^ 

alcohol-ether-soluble hpides m some of the experiments (Table 
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totn,! extract remaining after the two 1 cc samples for phosphorus deter- 
mination were removed vas tiansfeired quantitatively to a weighed flask 
aud taken to drjmess in a stieam of carbon dioxide Although the quan- 
tities veie small, close agieement between duplicate determinations was 
obtamed inth the use of a uniform technique for drymg and weighing the 
flasks The apparent changes weie about equal in both directions and 
were withm the erior of the pioceduie, the laigest appaient difference (7 
per cent) represented a w eight of onlj’- 1 4 mg 


Table VI 

Effect oj Blood idded to Homogenates of Brain Tissue on Cleavage of Phospholipides 


Erperunent 

No 

Time of 
incubation 

Blood per 
gm brain 

1 Decrease ml 
phosphorus 

ETperiment 

No 

Time of 
incubation 

Blood per 
gm bram 

Decrease m 
phosphonis 


hrs 

Cl 

per cent 


hrs 

cc 

per cent 

37 

4 

0 

4 0 

53 

•1 

0 

11 5 


4 

0 So 

6 5 


4 

0 22 

4 9 

3S 

4 

0 

13 5 


24 

0 

16 0 


4 

0 28 

7 6 


24 

0 22 

20 9 

39 

4 

0 

13 5 

54 

7 

0 

9 3 


4 

0 41* 

10 0 


7 

0 23 

7 0 

48 

24 1 

0 

25 1 


24 

0 

14 8 


24 

0 24 

24 1 


24 

0 23 

24 2 

49 

24 

0 

7 5 

56 

4 

0 

9 2 


24 

0 25 

17 4 


4 

0 24 

6 3 

51 

24 

0 

15 1 


21 

0 

9 4 


24 

0 24 

23 6 


21 

0 24 

^13 6 

52 

24 

0 

13 6 






24 

0 29 

, 24 7 






* Blood serum from another rat added m this experiment 


Effect of Added Blood — The possibility that phospholipide-sphtting en- 
z 3 Tnes of the blood were responsible for the decrease m hpide phosphonis 
was investigated through a stiidj'- of the effect of a laige excess of blood 
The brain w'as dixided longitudinally into approximate!}’- equal parts, of 
w hich one w as homogenized in carbonate buffei , and the other in buffer to 
w'hich had been added blood from the same rat, or m one case serum from 
another rat Samples of the two homogenates weie earned through the 
procedure side by side The flasks were shaken m the aiburg bath for 
the times indicated in Table VI, except that in the 21 or 24 hour experiments 
shaking was continued foi 4 to 7 houis, after iihich the flasks were placed 
m an incubator at 37 5° foi the remainder of the peiiod The data show 
no effect of blood or seium in incieasing the cleavage of phospholipides " 
during a 4 01 7 hour peiiod of incubation, indeed m five of the slx experi- 
ments the decrease in phosphonis w as less m the presence of an excess of 
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blood than m the emulsioES to which no blood had been added This 
result indicates that enzymes of blood i\ere not responsible foi the cleavage 
of phosphohpides found m short tune e\permients On the other hand m 
SIX of the seven 21 or 24 hour experunents the decrease was greater m. the 
presence than in the absence of added blood, a findmg which suggests that 
enzymes of the blood may be responsible, at least m part, for the increased 
splitting of phosphohpides usually observed during autolysis for a long 
penod 

Effect of Time of Incubation and of Shahng — In several experunents the 
effect of time of mcubation (1 to 24 hours), of shaking, or of both u as studied 
on rephcate samples of the same homogenate The data are too vanable 
to justify detailed presentation, but they show a definite tendency for the 
degree of cleavage to increase with increasing tune and httle, if any, effect 
of shakmg 

Effect of Healing — Rephcate samples of the homogenates were heated at 
100° for 2 to 10 minutes before mcubation in seveial of the experunents 
In all cases the sphttmg of phosphohpides w as reduced, usually to less than 
half that of the unlieated samples, but in only one instance was there com 
plete inactivation Some of this cleavage probably occiunred during the 
heatmg, m four experiments m W’hich samples uere heated to 100° for 10 
mmutes and then analyzed wnthout incubation, there was a decrease m 
phosphorus averagmg 3 2 per cent However, not all of the sphttmg m 
the heated and incubated samples can be accounted for m this way, and it 
must be concluded that if the reaction is catal 3 'zed by enzjmes they must 
be unusually resistant to heat There is some suppoit for this possibihty 
the lecithinase A of snake venom and of pancreas is remarkably stable to 
heat (12, 13) 

Effect of Various Solutions Used in Pi cparing B) am Homogenates In the 
experiments desenbed above either a simple salme-carbonate buffer or the 
more complex carbonate buffei described by I&ebs and Henseleit (lOJi 
with phosphate omitted, was used These biiffeis w'ere saturated with 9 
pel cent O^-fi pei cent COo They were compaied m eight experunents m 
which half the bram w as homogenized in one and the other half m ® 
othei buffer The tw^o homogenates weie incubated side by side or 
different penods of time, with oi without shaking The average 
deci eases in phosphoiiis were 12 1 and 13 8, lespectively In several o 
experiments the pH w'as determined with the glass electrode m rep 
samples which had been carried through the mcubation procedure 
values ranged from 7 0 to 7 9 and agreed closely foi the two horoogena 
in each experiment 

In three expeiiments homogenates made from halves of the s 
in simple carbonate buffer and m water w'ere compared The averao 
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crease m phosphonis m the carbonate homogenates was 9 7 per cent, while 
m the water homogenates no change occurred The pH values m the mcu- 
bated caibonate homogenates were 7 7, 7 4, and 7 4, m the water homogen- 
ates tlie values were 6 S, 7 0, and 7 2, respectively Although the pH was 
lower m the watei than in the carbonate homogenates, the absence of phos- 
phohpide cleavage in the former cannot be attnbuted to the small difference 
in acidity, since no relationship between degree of sphttmg and pH withm 
this range was evident m the expeiiments descnbed m the precedmg para- 
graph The negative result with homogenates prepared m water suggests 

T^ble VII 


Incubaltoii of Minced Brain Suspended in Buffer 


Experiment 

No 

Buffer* 

Treatment 

Decrease in 
lipide P 

a ' 

I 

k\ 

Buffer* 

Treatment 

Decrease in 
lipidc P 




per 

cent 




per 

cent 

71 

Saline-carbonate 

Shaken 

13 9 

73 

Saline-carbonate 

Shaken 

1 7 



Not shaken 

15 5 



Not shaken 

'22 7 


Krebs-Henseleit 

Shaken 

8 0 


Krebs-Henseleit 

Shaken 

6 3 



Not shaken 

11 6 


li 

Not shaken 

18 8 

72 

Saline carbonate 

Shaken 

16 0 

74 

Saline carbonate 

Shaken 

7 3 


it 

Not shaken 

7 1 


tt 

Not shaken 

6 3 


Krebs Henseleit 

Shaken 

0 


Krebs Henseleit 

Shaken 

8 7 



Not shaken 

' 0 


« 

Not shaken 

14 5 


* Phosphate was onutted from the Krebs-Henseleit buffer (10) 


that the reaction is more complex than a simple hydrolysis and may mvolve 
oxidative processes which require mtact cells, and it also provides further 
evidence agamst the possibihty that cleaxage of non-hpide esters, such as 
adenosine tnphosphate, was a factor in the decrease of hpide-soluble phos- 
phorus 

In three experiments a veronal buffer (pH 7 4) was used In one a 9 per 
cent decrease m phosphorus was found, m the others there was no change 
In several experiments phosphate buffers were employed m conjunction 
with the Folch-Van Slyke extraction procedure (11) No decrease m hpide 
phosphorus was foimd except m one experiment m which methyl alcohol- 
chloroform (1 1) was used for extraction, and this could not be confirmed 
Glucose and mcotmamide, added m some experiments, liad no apparent 
effect on the sphttmg of phosphohpides 
Decrease in Lijnde Phosphorus during Incubation of Minced Brain — rat 
bram was nunced with scissors and ground to a fairly homogeneous pa& 
m a mortar under conditions which prevent loss of tissue water (14) "Pe 
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teen portions were drawn up in a glass tube fitted vith a glass plunger, 
transferred to taied 25 cc volumetiic flasks, and iveighed Simple saline 
carbonate buffer was added to half the flasks and the Ivrebs-Henseleit car- 
bonate buffer to the other half Of each set of seven, three were extracted 
at once ivith alcohol-ethei as controls and the other four vere incubated 
for about 21 hours, with or mthout shaking for the first 5 to 6 hours Eacb 
sample was analyzed for phosphoius in duplicate 
The results (Table VII) show that with three exceptions the hpidephos 
phorus decreased as it did in similai evpeiiments with bram homogenatea 
There w as no consistent difference in results wuth the tw o buffers Sliaking 
usually, though not alw ays, appeared to hax e an adverse effect on the 
reaction 


DISCUSSION 

The results of tins in\ estigation demonstrate that a sigmficant decrease, 
which may be of consideiable magnitude, m the quantity of phosphorus 
extractable xvith lipicle solvents occurs duimg incubation of homogenized or 
nunced biam tissue in caibonate buffer, and the findings show further that 
the deciease is m all probability the result of an active mechamsm present 
in biain tissue with the ability to spht phosphohpides at a lelatively rapid 
rate 

Othei investigators ha\ e presented indirect eiudence for the presence oi 
"lecithinase” m the brain Coiiat (15) found that choline was hberated 
during autolysis of a sample of minced biain for 72 houis in the presence o 
chloroform, and Simon (16) in similar experiments observed an increase m 
inorgamc phosphoius King (17) incubated aqueous extiacts of rabbit an 
chicken brains with a lecithin emulsion for 48 houis and observed a sm 
and variable increase in the total fiee and acid-soluble phosphoius ® 
only indirect study in which short peiiods of incubation were employed was 
reported by Stamm (IS), who incubated suspensions of minced calf brain 
in Locke’s solution foi periods of 3 to 14 hours and measured the 
in inorganic phosphorus In nine to fifteen such experiments he foun an 
average increase of 0 13 7 pei mg of biain at 3 houis, 0 20 y 4i 
and 0 24 7 at 6 hours These v'alues may be compared with 
decrease in hpide phosphoius of 0 19 7 pei mg of biain found in the 
experiments (Table I) of the present investigation , 

In a publication which appealed after most of the experiments 
Table I had been completed, Fnes, Schachner, and Chaikoff (19) 
direct studies, similar to those leported here, on one 3 0ung (la S® 
one adult (200 gm ) rat Homogenates of biam tissue in carbona e 
were incubated for 1, 2, and 4 hours The quantitj^ of brain 
ume of solution (about 60 mg per cc ) was considerably ess 
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employed m most of my experiments and the methods of measurement were 
also dilTeient changes m the quantity of phosphohpide were detenmned 
by oxidative procedures and by the isotope labelmg technique Both 
methods sho\\ ed a deciease of 10 to 15 per cent in the phosphohpide present 

1 he phosphohpide-sphtting mechanism of bram appears to be relatively 
\ eiy slow or moperatn e m the living animal All available evidence indi- 
cates that the rate of turnover of phosphohpides m the adult bram is far 
slower than would be expected if this mechamsm were active during hfe 
Furthermore, the findings on the brain tissue of young rats cannot be cor- 
related with studies of living anunals Fries, Changus, and Chaikoff (4) 
and Waelsch, Speriy, and Stoyanoff (20) show'ed that the rate of hpide 
metabohsm in the biam is very lapid durmg the first few days of hfe In 
contrast. Fries, Schachner, and Chaikoff (19) found no difference m phos- 
phohpide-sphttmg ability of brain of the young rat and the adult rat which 
thej’^ studied, and the same result w'as obtained in the present investigation 
(c/ Expenments 33, 34, 35, and 42, Table I, and Experiment 79, Table 

HI) 

The author is mdebted to Katharma New'erly, David Aaron, and V A 
Stoyanoff for technical assistance 

SUJUURY 

Homogenates of rat brain tissue in saline-carbonate buffer were incubated 
at 37 5° wuth shaking for 4 hours A consistent, though variable decrease, 
averaging about 8 per cent, in the amount of phosphorus extractable with 
alcohol-ether took place Increasing the time of incubation up to 24 hours 
usually mcieased the magmtude of the change 

Extraction wuth different solvents and wnth an entirely different tech- 
nique (11) gave similar lesults, and rat blood, added in excess, had no con- 
sistent effect Total lipides were not changed sigmficantly These findmgs 
indicate that the decrease in extractable phosphorus w'as the result of a 
cleavage of phosphohpides by a mechanism present in bram tissue 

Homogenates of bram tissue in the moie complex carbonate buffer of 
Krebs and Henseleit (10), with the phosphate omitted, responded in the 
same way Results obtained with other buffers w^eie inconclusive No 
change in extractable phosphorus occuiied during incubation of homogen- 
ates made in water 

Brains of young rats, in w hich m 3 'ehnation wuth an activ^e hpide metab- 
ohsm was going on ^n vivo, show ed no more phosphohpide cleav^age in vitro 
than brains from adult rats 

A considerable decrease in alcohol-ether-soluble phosphorus, comparable 
with that found in homogenates, usually occurred durmg incubation of 
minced bram suspended in carbonate buffer 
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THE CONVERSION OF ORNITHINE TO CITRULLINE 
BY RAT LIVER HOMOGENATES* 

PHILIP P COHEN and MUCA H\YAN0 
{From the Laboratory of Physiological Chemistry, University of Wiseonsin, Madison) 

(Recei\ed for publication, June 23, 1947) 

The conveision of oraithme to citrullme as an obligatory step m the 
synthesis of urea in mammalian liver was first postulated by Krebs and 
Henseleit (1) This reaction was later investigated in detail by Gornall 
and Hunter (2) using rat liver slices The use of liver slices for the study 
of this reaction is unsatisfactory in that citrullme, once formed from orni- 
thine, IS rapidly converted through argmine to urea The use of homo- 
gemzed liver preparations has eliminated this difficulty in part because of 
more adequate control of the conditions necessary for the various steps m 
the cycle 

It was found early m this study that components and conditions necessary 
for the synthesis of citrulhne from ormthme were such as to catalyze the 
disappearance of citrullme at an appreciable rate when magnesium ions were 
present (3) The absence of magnesium ions, however, resulted m an ac- 
cumulation of citrulhne This means of stoppmg the urea cycle at citrullme 
- provided a convement system for the study of the optimum conditions nec- 
essary for the conversion of ormthme to citrullme 

Srb and Horowitz as a result of studies on Neurospora mutants (4) have 
offered evidence for the existence of two distmct enzymatically catalyzed 
steps m the conversion of ormthme to citrulhne, the first of these bemg the 
mtroduction of carbon dioxide, and the second, the introduction of am- 
monia In the present work, this synthesis has been studied as a unit re- 
action Experiments reported m this paper deal particularly mth the 
formation of citrulhne m the stepivise synthesis of urea from ormthme by 
rat liver homogenates 


Procedures 

Preparation of Homogenates — A detailed description for the preparation 
of homogenates has been published previously (3) 0 5 ml of a 20 per cent 

rat liver homogenate prepared m isotomc KCl was used m each mcubation 
flask throughout the study, unless otherwise specified This amount of 
homogenate contamed betn een 2 3 and 2 8 mg of tissue mtrogen as deter- 
mmed by nucro-Kjeldahl analysis 

* Aided in part by a grant from the Wisconsin Alumni Research Fr » 

6S7 
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Incubation — ^All incubations A\eie earned out in Warburg flasks at 38°, 
foi a period of 1 hour, unless otheiwise specified All flasks veie gasied 
•with a 5 per cent CO'>-95 pel cent O 2 mixture previous to introduction into 
the bath This pioceduie resulted in lelatn ely unifoiTn results from expen 
ment to experiment Furthei, the gaseous CO 2 piesent per flask (approxi 
mately 1000 microhteis) x\as found to be adequate for the usual length of 
incubation, as shoxxn by experiments in xx’hich legassing at frequent inten^aL 
yielded x allies no highei than those in xxhich the gas had been mtroduced 
only once pi 101 to the incubation 

Incubation mixtures giving optimum results consisted of DL-omithine 
hydrochloride (at concentiations calculated on the basis of the l isomer 
only), L-glutamic acid, ammonium chlonde, adenylic acid, hver homogenate, 
potassium phosphate buffer, pH 7 15, and bicarbonate ions at a concentra 
tion sufficient to bring the pH to 7 15 after equilibration with 5 per cent 
CO 2 m the gas phase The total incubation volume x\ as 3 0 ml 

Analijiical — At the end of the incubation period, 0 3 ml of 3 ii acetate 
buffer, pH 5 0, was added to stop the leaction In most experiments, 1 0 
ml of incubation mcxtuie was then pipetted into 1 0 ml of 10 per centtn 
chloroacetic acid and the piecipitated protein centrifuged down 05 ml 
of the deal supernatant w’as taken for anal3'S]s of citiullme by the method 
of Archibald (5) wuth slight alterations In these analyses, the prenous 
destruction of urea by urease was elumnated since the amount of urea 
formed w'as negligible When the amoimt of urea w as measurable, citrul 
hne was deteimmed aftei a piior treatment xxith urease and trichloroacetic 
acid The peiiod of color development w'as lengthened to 15 minutes 

For samples to be analyzed for urea, the incubation nuxture was centn 
fuged aftei the addition of acetate buffer and an aliquot of the supernatant 


taken foi analysis by the method of Ivrebs and Henseleit (1) 

All results are reported in microliters of product, citrullme or urea, or 
both, per mg of tissue nitrogen Approximate ^Qcitruiiine values can e 
obtained by chviding the miciohters of end-product per mg of N by 1 
assuming that 10 per cent of the dry w'eight of hvei is nitrogen (6) 
Preparations Used — DL-Ornithine hy'drocliloride and nn-citrulline were 
obtained fiom the Amino Acid Alanufactuies, University of California, 


Los Angeles 

Adenosine tiiphosphate (ATP) wms piepaied from rabbit nausc e 
as the hydrated barium salt Adenylic acid w'as prepared from A 
the method of Keii (8) An initial sample of the acid was obtaine r 
Dr G A LePage The authois are indebted to him for this gift 
a-Ketoglutaric acid and oxalacetic acid w'ere synthetic produc s^ 
Glutamine samples were obtained from the foUownng sources 10 = ^ 

oratories. Sample A, Dr F M Strong and Dr R H Burns, a® 
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nud C respectively, Dr P B Hamilton, Sample D (Lederle), Sample E 
(sj nthcsized by Dr J S Fruton), and Sample F (Drug Products Company) , 
Dr J P Greenstein, Sample G (Lederle) and isoglutanune Dr P B 
Hamilton kindly furmshed the assay values for Samples D, E, and F, 82, 
97, and 85 per cent purity, respectively The authors are indebted to the 
generosity of the aboi e in providing these samples 
All other reagents employed vere commercial products 
5 per cent 002-95 per cent Oj and 5 per cent C02-95 per cent No gas 
mixtures were commercial preparations The same tanks were used 
throughout the study to insure imiformity of results 




Fio 1 Fig 2 

Fig 1 Effect of ornithine concentration on the formation of citrulline Final 
substrate concentrations, glutamic acid 6 7 X 10“- ii, ammonium chloride 6 7 X 10~“ 
It, adenylic acid 1 X 10“’ ji Tissue concentration per flask 2 64 mg of N 

Fig 2 Effect of ammonia concentration on the formation of citrulline Final 
substrate concentrations, glutamic acid 3 3 X 10“ ii, ornithine 3 3 X 10“’ ai, adenylic 
acid 1 X 10“’ at Tissue concentration per flask 2 75 mg of X 

Results 

Substiate Conceniialions — A study of the effect of varj'^mg the amount of 
oimthme revealed the optimum concentration to be 0 0033 ai when 2 3 to 
2 8 mg of homogenate nitrogen ere used per flask (Fig 1) The synthesis 
of citruUme mcreased linearly to the optimum level Further addition of 
ornithine had no influence on the quantity converted At 0 0033 final 
molarity, 50 to 60 per cent of the oimthme v as usually converted m 1 hour 
This concentration is high compared to the amount of ormthine sufficient 
to maintam the opeiation of the complete urea cycle, m vhich the ammo 
acid IS continually regenerated Prelimmary vork inth homogenates 
shoved that 0 0003 final molaiity was as effective vuth the complete C 3 cle 
as with any higher concentration 

The effect of mcreasing concentrations of ammomum chloride is shown 
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m Fig 2 In the presence of 0 033 to 0 067 m glutamic acid, 0 0067j 
ammonium chloride was appaiently sufficient to saturate the system 
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o® M GLUTAMIC AC\0 


X .r - 

Fig 3 lEfiect of glutamic acid concentratiou on the formation ^ jq-, 

substrate concentrations, ormthme 3 3 X 10-» m, rffN 

M, adenylic acid 1 X KT' m Tissue concentration per flask - mg or 

Table I 

Percentage of CtlrulUnc Synthesis uith Glutamine 

Final substrate concentrations glutamine 3 3 X 10-» M on f ® 
purity (see “Preparations used” under Procedures for sources ° ® ^ jq-s ^ orni 

glutamic acid 3 3 X 10-= m, ammonium chloride 6 7 X 10-» M ^ 3 X 1"-^^,^ 215 
thine 3 3 X 10"’ m, adenylic acid 1 X 10"’ M Tissue concentra P 


mg of N 


Relame 

,.mt 

Controls 

Glutanuc acid 3 3 X 10-= v, ammonium chloride 

ptr ctfi* 

100 0 


6 7 X 10-’ M , , 

Glutamic acid 3 3 X 10"= m, ammonium chloriae 

95 4 


3 3X 10-=M 

0-07 

Glutamine 

Samples A, B, and D 

Sample C 
“ E 

317 

27 4 

56 2 


“ F 

55 2 

Isoglutamine 

“ G 

3 9 


of the 3®" 

The optimum glutamic acid concentration was far m 
momum chlonde required (Fig 3) A ratio of tmium values 

chloride to ormthme of 15 to 20 2 1 was 0045 to 

The peak of the glutamic acid curve was found to y ^jorve 

0 067 M concentration from liver to hver, the ^ 

hemg displaced proportionately Both glutamic aci 



P P COHEN AND M HA-iANO 


691 


esseutial, ouly 15 per ceat of the optimum yield being obtained when glu- 
tamic acid at 0 067 si i\ as incubated without ammonium chloride, and 2 to 
1 per cent when ammonium chloride at 0 0067 to 0 053 si was used alone 
Experiments were carried out at two levels of glutamic acid, 10 and 20 times 
the concentration of ormtlune While the yield of citrulhne increased 
anothei 20 per cent at the higher concentration, the tiend of the results was 
identical Typical data and curves were selected to represent the effect of 
different substrates on the system in the present paper 
The reason for the requirement of both ammoma and glutamic acid, and 
particularly of the manifold excess of the latter, is not as yet apparent 

Table II 

Citrullinc Sytiihcsis with Compounds Other Than Glutamic Acid 

Final substrate concentrations all compounds listed were present at 3 3 X 10~- 
M, ornithine 3 3 X 10~^ m, adenylic acid 1 X 10"^ m, ammonium chloride at 6 7 X 
10"’ M except with a ketoglutanc, malic, fumaric acids, and glucose, for which the 
relative rates are shonn m the order of increasing ammonia concentration from 
6 7 X 10“^ to 3 3 X 10“’ M No ammonia was used with asparagine Tissue con- 
centration per flask 2 82 mg of N 



Relative rate 


Relative rate 

1 

per cent 


per cent 

Glutamic acid ! 

100 0 

Fumaric acid 

35 4-31 4 

Aspartic “ 

2 4 

Succinic “ 

28 7 

Asparagine 

2 0 

Citric acid 

10 9 

a-Ketoglutaric acid 

21 1- 7 8 

Lactic “ 

6 5 

Oxalacetic acid 

Malic acid 


Glucose 

5 3-14 8 


Various workers in the field have suggested the importance of glutamine 
m the synthesis of urea (9, 10) The possibility that glutamine was bemg 
synthesized from the glutamic acid and ammoma and entering into the re- 
action as a more specific donor of ammoma or the carbamino gioup of 
citmllme was explored Expeiiments were devised in which glutamine 
replaced ammonium chloride and glutamic acid (Table I) The different 
samples tested showed a lange of activity of 0 to 56 pei cent of the control 
value A synthetic product (Sample E), assaying 97 pei cent pure, was 
27 4 pel cent as active as glutamic acid plus ammonium cliloride Isoglu- 
tamine gave a value of 4 per cent compared with the contiol 

Replacement of Glutamic Acid — Of a series of compounds tested in place 
of glutamic acid none show ed more than 35 per cent of the activity of glu- 
tamic acid (Table II) Previous work wath liver slices had shown a stimu- 
lation of urea synthesis by many of the components listed in a system in- 
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volvmg added ormthme and ammonia (1, 2, 10) However, m the case of 
homogenates, glutamic acid appeals to have a relatively specific effect 
The analogue, aspartic acid, and asparagine, its half amide, nere inactive 
As can be seen from Table II, the mam components of the citric acid cycle 

Table III 

Ejfecl of Partial Replacement of Glutamic Acid with Other Compounds 
Final substrate concentrations ornithine 3 3 X 10~* ii, ammonium chloride 
6 7 X 10"^ VI, adenylic acid 1 X 10“^ vr Tissue concentration per flash.,! 53 mg of N 



CitmUmepermj tesae't 


mxcToUUTi 

Glutamic acid 0 013 vr 

37 S 

“ “ 0 02G “ 

47 1 

“ “ 0 013 “ + funi inc acid 0 013 vi 

- 34 6 

“ “ 0 013 “ + succinic “ 0 013 “ 

33 2 

“ “ 0 013 “ + a ketoglut inc acid 0 013 u 

41 4 

“ “ 0 013 “ + ovalacctic acid 0 013 \t 

43 6 

" “ 0 013 “ + 1 ictic icid 0 013 M 

3S S 

“ “ 0 013 “ + citric “ 0 013 “ 

39 2 





PiQ 4 Effect of adenylic acid and ATP concentrations on the 
rulline Final substrate concentrations, glutamic acid 3 3 X 10 
3 3 X 10"" M, ammonium chloride G 7 X 10'" at Tissue concentration pe 
3 24 mg of N 

showed values langmg fiom 3 5 pei cent activity^ vith ovalacetic 
per cent with fumanc acid A few of these compounds vs ere teste 
a varying range of ammonium chloiide concentiatiou (0 0067 to ^ 
a-ICetoglutaiic acid, malic acid, and fumaiic acid showed a 
activity with an inci ease in ammonia Glucose activity , on the o le 

increased with the ammonia concentiatiou nceatw 

The presence of other compounds m addition to a suboptimum co 
tion of glutamic acid (0 013 m) was m most cases no moie e ec 
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glut iinic icid alone (Table III) Fumanc acid and succinic acid decreased 
the jicld of citrulliiie, but citric acid and lactic acid had no significant 
cftcct \\ hile a-ketoglutaiic acid and oxalacetic acid increased citrulline 
' foimation, they nere onlj’’ 3S 7 and 62 4 per cent effective as an equal addi- 
tional quantity of glutamic acid 

ITP and Adenylic Acid — Both ATP and adenyhc acid stimulated the 
s 3 nthesis of citrulline (Fig 4) Results obtamed with ATP varied from 
hvei to hver vitliin 50 per cent of the values shown In all probabihty 
its effect in this sj stem is dependent on its prioi hydrolysis to the more 




Fig 5 Fig 6 

Fig 5 Effect of potassium ion concentration on the formation of citrulline Final 
substrate concentrations, glutamic acid 6 7 X 10”’ m, ornithine 3 3 X 10”’ m, am- 
monium chloride 6 7 X 10”’ m, adenylic acid 1 X 10”’ m Tissue concentration per 
flask 3 22 mg of N 

Fig 6 Effect of phosphate ion concentration on the formation of citrulline Fmaf 
substrate concentrations, glutamic acid 6 7 X 10”’ m, oriuthine 3 3 X 10”’ ii, am- 
monium chloride 6 7 X 10”’ m, adenylic acid 1 X 10”’ m Tissue concentration per 
flask 3 01 mg of N 

« 

active adenyhc acid The fact that the latter reagent gave more consistent 
results at higher levels would indicate that it, per se oi through the forma- 
tion of some intermediate other than ATP, is the moie active component 
in this synthesis 3 micromoles of adenyhc acid weie used per flask 
thioughout the study 

Cytochrome c — Since cytochrome c stimulated the synthesis only 7 per cent 
at the relatively high concentration of 0 000035 m, it was not used m sub- 
sequent experiments 

Oxygen and Carbon Dioxide — ^No synthesis of citrulline from ormthine 
occurred anaerobically Bicarbonate ions and gaseous CO 2 were used m aU 
experiments throughout the study The ehmination of either added bi- 
carbonate or gaseous CO 2 from the mcubation flask resulted m about 50 
per cent as much conversion as with the complete system 
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Kidney Homogenate— 'No synthesis of citruUine was noted when bdney 
homogenate was incubated under the conditions found optimum for liver 
homogenate 

Inorganic Ions Stimulation by potassium ions increased linearly to the 
maximum possible concentration (Fig 5) 250 per cent as much activity 

was seen when all the sodium ions, except that added as sodium bicarbonate, 
had been replaced by potassium ions Since commercial potassium bicar 
bonate contains magnesium ions as an impurity, it was not used in thb 
study 



Pio 7 Fig S 

Fio 7 Effect of magnesium ion concentration on the formation of citrullme aid 
urea Final substrate concentrations, glutamic acid 3 3 X 10”* u, ornithine 3 3 
10-’ M, ammonium chloride 0 7 X lO”’ m, adenylic acid 1 X lO”* at Tissue concen 
tration per flask 3 45 mg of N 

Fig 8 Effect of pH on the formation of citrullme Final substrate concea 
trations, glutamic acid 3 3 X 10”= m, ornithme 3 3 X 10”’ ii, ammomum chloride 
6 7^X 10-e IT, adenylic acid I X 10”’ m Tissue concentration per flask 2 8 mg of i 


Stimulation was also noted with phosphate ions (Fig 6) Essentially 
no synthesis occmred m the absence of these ions Maximum activnty ^ 
leached at relatively low concentrations, 0 002 to 0 015 ir This law 
molarity, added in the form of phosphate buffer, was used throughout J 
study Higher concentrations inhibited the synthesis The mflueMe ^ 
phosphate ions suggests a specific effect, since concentrations 
phosphate are too low to exert a significant buffermg action m this sy= ^ 
The effect of magnesium ions on the synthesis of citrullme and me ^ 
■seen m Fig 7 The absence of these ions resulted in the accum a jo 
citrullme With an increase m concentration to 0 0015 m, more 
citrulhne formed was conveited to urea Higher concentrations app^ 
inhi bit both reactions In previous work (3), the effect of magnesiu 
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©u the convcrfaioii of citiulbne to argmme was Jiiterpieted on the basis of 
its rcpoiicd influence on AlP breakdown (11) Data presented here point 
^ to a more specific r61c of magnesium ions in that leaction The possibihty 
that citrullinc accumulated as a result of stopping the urea cycle at argimne 
was investigated, since argmase requu-es covalent ions for activation No 
arginine was found Moreover, in the absence of any added ion, 0 0033 nr 
arginine W’as found to be conveited almost completely to urea m an hour b 5 '' 
Inei homogenate 




Fio 9 Fig 10 

Fig 9 Effect of incubation time on the formation of citrullme Final substrate 
concentrations, glutamic acid 3 3 X 10“’ m, ornithme 3 3 X 10“’ m, ammomum chlo- 
ride 6 7 X 10“’ M, adenylic acid 1 X 10“’ m Tissue concentration per flask 2 53 mg 
ofN 

Fig 10 Effect of tissue concentration on the formation of citrullme and urea 
Final substrate concentrations, glutamic acid 3 3 X 10“’ m, ornithine 3 3 X 10“’ m, 
ammonium chloride 6 7 X 10“’ sr, adenylic acid 1 X 10“’ ir Tissue concentration 
per flask 2 81 mg of N 

Manganese ions below 0 001 m exerted approximately the same effect as 
magnesium ions 

Effect of pH — The range between pH 7 1 to 7 2 was optunum for the 
synthesis of citrullme (Fig S) Both bicarbonate-caibon dioxide and phos- 
phate buffers were used to mamtain pH The concentrations of bicar- 
bonate to be added to the media were calculated from the Henderson- 
Hasselbalch equation on the basis of a 5 per cent CO 2 content m the gas 
phase At the optimum pH of 7 15, the concentration of the bicarbonate 
added to the media was 0 008 m 

Incubation Time — Production of citrulhne usually slowed down abruptly 
after 50 to 60 mmutes of incubation (Fig 9) At this tune, approximately 
50 to 60 per cent of the omithme added was found to be converted The 
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“ot^ea taed The pass,b.hty e^^B that ormtbne .b hemg 

moved m this system by some other leaction „,frnllme ac- 

Ttssue Concentratwn-ln the absence of ma^esium ^ 

cumulated m mcubat.ou flaeks cootaming from 0 o to 4 rf 
gen (F,g 10) The converB.on ““ „trat,on naB°mcreaBed, 

concentration tvaa very sma - The shape of these curves sag 

less citrullme and more urea were formed P mViiKiti; the 

gits two po^ibihties (1) that either the p.esence of “tea 

formation of citrullme, or (2) that a " “fjg ehimted 

the disappearance of the ammo acid The former posSib } 

Table IV 

Effect of Inhibitors on Synthesis of Citrullme 

Final substrate concentrations glutamic ^’tisTug concentrition 

M, ammonium chlorick G 7 X lO'* m, adenjlic acid 1 X 10 Tissue cone 


per flask, 2 81 mg of N 




lahibitora 

Final moIarit> 

Per cent inhibiuon 

Arsemtt 

Cyanide 

lodoacetatc 

0 001 

0 001 

1 0 01 

0 001 

0 003 

0 0057 

0 001 

97 0 

96 1 

72 5 

14 S 

Azide 

Malonatc 

H 

Calcium ions 

15 7 

5S S 

9S 6 


thiough experiments which showed that uiea had no in ii i of 

existence of a magnesium-activated enziune catalyzing ^ le 
citrullme to aigmine, on the othei hand, is not unlike > 
there is little citrullme concerted at low tissue concentra i 
sence of magnesium ions indicates that the lon-piotein com j^^^ggguate 
favor of the mactive dissociated form Thus an increase in 
mtrogen per flask correspondingly increases the concentra lo the 

bined form to a point at which the rate of citiulhne converaio ae- 

rate of its formation In the presence of magnesium ions no 
cumulated at any tissue mtrogen level ,yv arsenite, 

Inhibitors — Of a gioup of various mhibitors tned (ia Since 

cyamde, and calcium ions inhibited almost completelj^ a ^ m 

these substances are known to affect oxidative mechamsms, 
this system was not unexpected 


IS system was not unexpected , x j +bp synthesis 

Of mterest was the finding that fluoride stimula e 


of 
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citrulhne in concentiatioiis up to 0 007 m (Fig 11) 0 05 m was required 

for almost complete inhibition In previous Avork, fluonde was found to 
inhibit the comersion of citiulline to argmine almost completely at 0 01 m 
‘ (3) This differential inhibition by fluonde of the two reactions can also be 
used to id\ antage in studymg the synthesis of citrulhne 
The magnitude of inhibition seen ivith the other substances listed in 
Table IV is similar to that observed with the transmunation reaction ivith 
the exception of malonate which is less effective m this system Studies on 




Fig 11 Fig 12 

Fig 11 Effect of fluonde concentration on the formation of citrulhne Final 
substrate concentrations, glutamic acid 6 7 X 10”^ m, ornithine 3 3 X 10"’ u, am- 
monium chloride 6 7 X 10"’ ii, adenylic acid 1 X 10"’ m Tissue concentration per 
flash 3 22 mg of N 

Fig 12 Effect of caffeine and theophyllme on the formation of citrulhne Pinal 
substrate concentrations, glutamic acid 67 X 10"’ m, ornithine 3 3 X 10"’ ii, am- 
monium chloride 6 7 X 10"’ m, adenylic acid 1 X 10"’ m Tissue concentration per 
flask 2 11 mg of N 

caffeine inhibition of uiea synthesis have been carried out by Bemheun and 
Bernheim (12) They found that caffeine and like denvatives inhibited 
the disappearance of ammoma in liver and kidney shces and the S 3 mthesis 
of urea in liver shces and in man %n vivo A study of a senes of punnes 
revealed that caffeine and theophyllme inhibited the synthesis of citrullme 
from ormthme and not at all the transmunation leaction Inhibition by 
theophyllme w'as more marked than by caffeine (Fig 12) 

DISCUSSION 

On the basis of the present data and those previously reported (3, 13), 
it IS apparent that the enzymatic steps m the synthesis of urea by mam- 
malian liver can be studied m properly fortified cell-free systems The 
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need for coupling with some energy-yielding mechanism is indicated from 
these studies The greater effectiveness of adenyhc acid over that of ATP 
m the conversion of ormthine to citrulhne would suggest either a specific 
effect of adenyhc acid or the mediation of an energy-coupling reaction 
which does not involve ATP as such 
The apparently obligatory role of glutamic acid in both the conversion of 
ormthme to citrulhne and of citrullme to arginine is of particular interest 
This key role of glutamic acid in the urea cycle again supports the unique 
position of this amino acid in intermediary metabohsra The recent finding 
of Krebs, Eggleston, and Hems fid) that hver homogenates are capable of 
rapidly formmg glutamic acid from a-ketoglutaiic acid and ammonia under 
anaerobic conditions provides a mechamsm for supplying glutamic acid 
from the mtermediary metabolic pool of nitrogen compounds for the 
transimmation reaction as w'ell as for the conveision of ormthine to cit- 
rullme It IS of interest to point out that any ammo acid capable of 
tiansammation with a-ketoglutaric acid could contribute its nitrogen to 
urea wthout having to undergo primary ovidative deammation 
"While the r61e of glutamic acid in the transmimation reaction is clear, 
its role m the conversion of ormthine to citrulhne is obscure The need for 
concentrations of glutamic acid 10 to 20 times that of ormthine or ammonia 
does not permit any simple stoichiometric relationship Further, the 
requirement for ammonium ions m the presence of lugh glutamic acid 
concentrations makes the possibihty of direct ammo gioup transfer from 
glutamic acid unlikely The possible role of glutamine m this system would 

seem to be excluded fiom the data presented Another possibihty is that 
glutamic acid is requiied as a cometabohte for an energj^-yieldmg syst^ 
coupled wnth the synthesis of citruUme from ornitlune This is somew 
diflficult to accept m view of the specificity for glutamic acid in this syst^ 
More direct information on this point is anticipated from projected stu os 


•with isotopically labeled glutamic acid 

It should be pointed out that the system reported here capable o syn 
thesizmg citrulhne from oinitlune, carbon dioxide, and ammoma has 
considered as a single enzymatic step It is higlily probable that at ea 
two reactions are involved m tlus symthesis and consequently an ana j 
of the r61e of the vaiious reactants wnll be difficult until these enzj®^ 


steps are resolved 


SUMRLVRY , 

1 The conversion of ornithine to citrulhne has been 
occur m rat hvei homogenates in the presence of glutamic acid, ^.g 

ions, adenyhc acid oi adenosine tiiphosphate, phosphate, and .^^g gs 
carbon dioxide bufteis ATP ivas found to be 50 per cent as e e 
adenyhc acid 
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2 Components of the citric acid cycle and other compounds similar to 
glutamic acid showed only up to 5b per cent as much activity as glutamic 
acid when substituted in pait or completely foi the acid 

3 The formation of citrulhne is stimulated by phosphate and potassium 
ions 

4 The reaction proceeded ma\imally at a pH of 7 15 

5 In the presence of magnesium ions and high homogenate tissue con- 
centrations, the citrulhne formed was converted to urea 

G Fluonde stimulated the synthesis up to 0 007 m concentration, com- 
plete inhibition occurred at 0 05 m Caffeme and theophylline progres- 
suelj’^ inhibited the reaction wnth mcreasmg concentrations 

7 The significance of these findings in relation to the Krebs-Henseleit 
urea cycle is discussed 
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A SURVEY OF TRANSAMINASES IN PLANTS* 

Br MfVRY J A.NE IvREEO LEONARD and R H BURRIS 

(From the Department of Bioeheimstry, College of AgneuUure, University of 

n tseonstn, Madison) 

^ (Receded for publication, July 14, 1947) 

The transamination reaction of Braunstein and Kritzmann (1) has been 
studied in green plant tissue by Virtanen and Lame (2), Cedrangolo and 
Carandante (3), Albaum and Cohen (4), and Rautanen (5) Smee few 
data have been piesented on the distiibution of the transanunase enzymes 
in ^'anous plant tissues and kmds of plants, moie data are necessary in 
Older to evaluate the lole of the tiansamination reaction in protein me- 
tabolism 

The occurience of the aspaitic-glutamic transaminase was investigated 
in the parts of twenty-tv o plant species at various ages 

Methods 

Prepaiation of Enzyme Extract — ^E\tiacts vere prepared by comminution 
of plant tissue ivith a Nixtamal mill, by hand grinding vith sand, or mth a 
glass homogenizer (6) Samples vere ice-cooled either before or im- 
'mediately after grmdmg Evtiacts veie adjusted to pH 8 0 with the aid 
of a glass electrode All pieparations vere centiifuged in a Beams air- 
driven, “spinnmg top” centiifuge (7) and the supernatant vas employed 
Total nitrogen of homogenates and saps was determined by the semimicio- 
Kjeldahl method (8) 

The embryos used in the stuches were prepared by steiilizmg seeds mth 
1 1000 HgCb The seeds veie soaked in sterile distilled vatei on blotting 
papei in Petri dishes and then geiminated by incubation m a moist chamber 
m the dark at 30° Barley was growm under controlled conditions of 
moisture and temperature in a malting chamber Embiyos were carefully 
dissected from the seeds and homogenized in ice-cold 0 1 ai phosphate 
buffer (pH 8 0) Unheated wheat geim (2 per cent by aveight in buffer 
solution) was hkemse homogemzed 

The 2, 4, and 6 week-old plants used m the experiments w ere grown m a 
greenhouse m sand supphed with nutiient solution In samphng, petioles 
were treated as stem tissue Leaf tissue included only the leaf blade 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station These studies were supported in part by the Research Com- 
mittee of the Graduate School from funds supplied by the Wisconsin Alumni Re- 
search Foundation 


701 



702 


TRANSAMINASES IN PLANTS 


After grinding, the sap was expressed through cheese-cloth and centrifuged 
In almost all experiments the undiluted sap was used 

Analytical il/e//iod^Glutamic acid was detemuned mth a bacterial 
decarboxylase as described by Umbreit and Gunsalus (9) Oxalacetic acid 
was detemuned by the aniline citrate method ( 10 ) 

£!ubstrafes— Oxalacetic acid was prepared from sodium diethyl oxdace 
tate (10), and the a-ketoglutaric acid w'as kindly supplied by Dr F H 
Stodola (11) Merck ammo acids were used 


Procedure 

The following transamination reaction was studied 

(^) J 

(1) L-Glutamic acid -f oxalacetic acid ^ ~ a-ketoglutaric acid + l aspartic aci 

The forward reaction. Reaction 1, a, was carried out m 18 X 
test-tubes w'hich were attached to a mechanical shaker and mmerse m 
water bath maintained at 30° No attempt w as made to provade anaero 
conditions A 4 to 5 ml sample of the transaminase preparation ip 
was incubated xvith 2 0 ml of 0 06 m oxalacetic acid for 10 minutes 
2 ml of 0 06 M glutamic acid (pH 8 0) weie added and the reac ion 
to proceed foi vanous incubation penods The reaction was s °PP - - 
the addition of 1 0 ml of 10 per cent sulfunc acid Controls co 
oxalacetic acid and enzyme and controls contaming glutamic 
enzyme to test recovery w'ere mcluded In ordei to decomp 
remaimng oxalacetic acid, the contents of the tubes w ere adjus e o 
and were immersed m a boilmg w'ater bath for 1 houi After 
samples were carefully adjusted to pH 5 0, transferred to 10 m v ^ 

flasks, and made up to volume Each sample w as then cen ^ lO 

2 0 ml aliquot w^as placed m a Warbuig flask foi analysis 
mmute equilibration peiiod at 30°, 0 5 ml (10 mg ) ° buffer 

carboxylase preparation (9), suspended in potassium P «= measured 
(pH 5 0), was added fiom the side arm and evolution of C 2 p^gpa 

For measunng the reverse reaction. Reaction 1 , b, t e e ^ 

ration and 0 5 ml of 0 03 m nn-aspartic acid (pH 8 0) ere p ^ Q 3 ^ 
TPflin compartment of the Warbuig flask In one aim ^ g 

a-ketoglutaric acid (pH 8 0) was placed, and in the other si fjeJily 

of anihne citrate (equal volumes of 50 pei cent cituc aci j^^^^gigtanc 
distiUed aniline) After 10 mmutes equihbration at 30 , allowed 

acid was mnxed xvith the sample and the transamination re 
to proceed The reaction was stopped and analyzed ^ tramaim- 
citrate The decomposition of the oxalacetic acid forme 
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nition reaction Mas essentially complete in 10 minutes Controls -with 
of-ketoglutaric acid omitted neie included 

Results 

Gammaimg Seed Emhijos — Table I piesents data on the ability of 
germinating seed embiyo homogenates to catalyze Reactions 1, a and 1, b 

T\ble I 


T raiisamination in 4^ Hour-Old Germinating Seed Embryos 


GermvnaUng seed 

Transam 

inatvon 

period 

Reaction 1, a 

Reaction 1 


Control 

recotcry 

(glutamic 

acid 

enzimie)* 

Transam 

inationt 

Qt (N)t 

Oxalacetic 
acid formed 

Transam 

ination§ 

Qt (N)t 


mtn 

per cent 

per cent 


micromoles 

per cent 


Green beaus 

0 




1 36 

9 1 

21 6 


10 

S2 

32 4 

75 2 

1 86 

12 5 

14 5 

Svieet corn 

0 




2 19 

14 7 

46 0 


10 

SO 

47 S 

116 0 

2 28 

15 5 

24 3 

Garden peas 

5 




0 29 

2 0 

6 2 


10 

S6 

29 6 

83 6 

0 69 

4 6 

7 4 

R idish 

0 




2 24 

15 0 

32 8 


10 

S5 

33 8 

73 8 

2 56 

17 2 

18 8 

Cucumber 

10 

86 

52 5 

64 7 




Clover 

5 




1 04 

7 0 

19 7 


10 

86 

21 5 

61 1 

1 22 

8 2 

11 6 

Soy beans 

10 

83 

32 9 

38 2 

1 66 

,11 2 

8 1 

Vicland oats 

10 


45 3 

188 7 





* The percentage of initial glutamic acid (24 micromoles in the aliquot assayed, 
equivalent to 53S microliters of COj on decarboxylation) added to the controls hich 
remained at the end of the transamination period 

t The percentage of initial glutamic acid which was consumed in Reaction 1, a 
t Qt (N) = (micromoles of amino acid transaminated)/(mg of N X hours) 

§ Percentage of initial added aspartic acidnhich uas transaminated, as measured 
by oxalaoetic acid formation 

In the controls for Reaction 1, a, in which glutamic acid and the enzyme 
preparation were meubated (no oxalacetic acid added) and the amount of 
glutamic acid then determmed, a small amount of the imtial glutamic acid 
disappeared Smee this amount may easily have been consumed by means 
of the transammation reaction, it was decided to base percentage transami- 
nation on the mitial quantity of glutamic acid present The percentages 
of transammation m 10 mmutes for Reaction 1, b are one-half to one-third 
those for Reaction 1, a This ratio agrees vath that recorded m the 
literature for oat seedhngs (4) 
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T\ble II 

Transaminaiton tn Barley, Reaction I, b 


Malting temperature, 15-16° 


Vanety 

Age 

TntDsamjnatioa 

penod 

Transamination 

Qt(N) 


hrs 

min 

per cent 


Reno 

24 

5 

9 6 

59 2 



10 

13 1 

40 4 



15 

17 4 

35 8 

Manchuria 

24 

5 

9 5 

48 6 



10 

13 3 

33 8 



15 

16 7 

28 5 

Korsbyg 

24 

5 

11 8 

41 3 



10 

13 1 

22 9 

Kindred 

24 

5 

12 4 

43 4 



10 

13 3 

23 3 

Reno 

72 

5 

8 9 

72 0 



10 

12 3 

50 1 



15 

14 9 

40 3 

Manchuria 

72 

5 

9 9 

70 8 



10 

11 9 

42 8 



15 

15 8 

36 5 

Korsbyg 

72 

5 

8 0 

27 5 



10 

10 5 

18 6 

liindred 

72 

5 

9 9 

34 0 

1 


10 

12 1 

20 8 

Reno 

120 

5 

9 5 

72 7 



10 

9 S 

38 0 



15 

14 2 

36 8 

Manchuria 

120 

5 

S 2 

46 0 



10 

13 8 

38 5 



15 

13 9 

25 3 

Korsbyg 

120 

6 

8 9 

32 5 



10 

12 9 

23 6 

Kindred 

120 

5 

11 1 

36 9 


i 

10 

14 0 

23 1 


1 

Moisture 

N itrogen (dry weight 


per cent 

per cent 

Reno 

47 2 

2 49 

Manchuria 

45 4 

2 43 

Korsbyg 

48 5 

2 23 

Kindred 

48 5 

2 28 


Reaction 1, h was studied m several varieties of barley at various 
of malting The values obtamed are recorded m Table II vane 
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Reno nnd aMmchmia, have a high nitrogen content and germinate rapidly 
Both geimmated vhile being steeped and were quite advanced at the 24 
houi stage Koisbyg and Kindred, on the other hand, have a lower 
nitiogen content and geiminate slowly The faster germinatmg barley 
liad the higher tiansaminase activity, Qt (N)^ values at all stages were 
much higher than those foi the more slowly geimmatmg barley It is of 
interest to note the sharp fall of transaminase activity of 72 hour-old 
embiyos of the Koisbyg and Kindi ed varieties Qt (N) values were high 
at 24 hours, decreased at 72 hours, and then increased agam at 120 hours 
These temporal changes did not occur with the Reno and Manchuria 
vaiieties The competition of othei enz 3 Tnatic systems is probably more 
in evidence in the slower geimmatmg bailey, Korsbyg and ICmdred, than m 
the faster germinatmg bailej'^ 


Tible III 

Transamination in Wheat Germ 



Reaction 

Reaction 1 b 

period 


Tronsami 

nation 

Qt O') 

Oaalacetic 

1 acid formed 

Transami 

nation 

Qt m 

min 

mterameUs 

p<r cent 


micromoles 

per cent | 


5 

0 22 

21 7 

73 6 

1 56 

10 5 

24 0 

10 

7 14 

29 7 

52 6 

2 09 

14 0 

16 0 

15 

S 12 

33 8 

39 8 

2 60 

17 3 

13 3 

20 

9 81 

40 8 

36 2 

2 42 

16 2 



Wheat Germ — The transammase activity of commercial unheated wheat 
gei-m was mvestigated, its use was suggested to us by Dr P P Cohen who 
had found it a convenient matenal with high transammase activity 
Table III presents data obtamed for Reactions 1, a and 1, b Examination 
of the percentages of transammation for the different periods of time reveals 
that Reaction 1, a is about 3 times as fast as Reaction 1, b This ratio 
agam agrees inth that recorded in the hteiatuie (4) 

Wheat germ preparations weie also tested for their abihty to transfei 
the ammo group from alanine to a-ketoglutarate This transamination, 
as measured by pyruvate formation, occurred at a rate comparable to that 
of Reaction 1 and gave a Qt (N) of 40 6 ovei a 10 mmute penod 

Yowig and Mature Plant Tissue — ^The distnbution of glutamic-aspartic 
transammase was studied in a number of young and mature plants Values 

iQt(N) = (micromoles of ammo acid transammated)/(mg ofN X hours) This 
expression of transamination on a micromolar basis when multiplied by 22 412 is 
equivalent to the Qrv on an equivalent CO 2 basis as used by Lichstein and Cohen 
( 12 ) 
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TiiBle ly 


Transamtnahon in Plant Tissue, Reaction I, b 


Plant 

Age 

Ttssue 

Transami 

nation 

period 

Oxalacctic 

acid 

formed 

Transami 

nation 

QrtN) 


icks 


mtn 

tntcromoUs 

per cent 


Soy bean 

2 

Leaf 

10 

3 70 

24 7 

8 6 



Stem 

10 

2 C4 

17 6 

13 8 



Root 

10 

2 40 

16 1 

47 7 


6 

Leaf 

10 

1 91 

12 8 




Stem 

10 

2 22 

14 S 

81 



Root 

10 

2 15 

14 4 



10 

Nodules 

5 

1 73 

11 6 

24 3 




10 

2 60 

17 4 

IS 3 

Potato 

2 

Leaf 

10 

1 98 

13 4 

5 3 



Stem 

10 

0 88 

5 9 

11 1 



Root 

10 

0 96 

6 5 

14 4 


6 

Leaf 

10 

3 30 

22 1 

b 1 



Stem 

10 

0 96 

6 5 

13 2 



Root 

10 

1 58 

10 6 

25 7 

Tomato 

2 1 

Leaf 

10 

2 62 

17 6 

16 1 



Stem 

10 

2 53 

17 0 

36 0 



Root 

10 

1 54 

10 3 

82 0 


6 

Leaf 

10 

1 78 

11 9 

S 1 



Stem 

10 

0 73 

4 9 

73 



Root 

10 

2 00 

13 4 

19 4 

Beet 

2 

Leaf 

10 

1 71 

11 5 

84 

1 

1 

Stem 

10 

0 78 

5 2 

38 8 



Root 

10 

0 41 

2 S 

17 6 


10 

Leaf + stem 

10 

2 54 

17 0 

SO 



Root 

10 

2 60 

17 4 

S 5 

Lettuce 

2 

Leaf + stem 

10 

1 73 

11 6 

23 1 



Root 

10 

0 82 

5 5 

24 6 

Cabbage 

2 

Leaf 

10 

2 24 

15 0 

15 6 



Stem 

10 

1 21 

8 1 

48 3 


1 

Root 

10 

0 57 

3 8 

10 0 

Barley, -Manchuria 

' 2 

Leaf + stem 

10 

2 00 

13 4 

9 0 

“ Korsbyg 

2 

<< «|_ it 

10 

o 22 

14 9 

9 1 



Root 

10 

0 93 

6 3 

IS 6 

Carrot 

10 

Leaf 

10 

0 59 

3 9 

3 8 



Root 

10 

2 79 

IS 7 

52 2 

Squash 

10 

Fruit 

10 

2 13 

14 3 

7 6 

Green tomatoes 


ft 

10 

0 35 

2 3 


“ apples 


ft 

10 

0 00 

0 0 

0 0 

Garden peas 

12 

Leaf 

10 

1 53 

10 2 

3 2 



Stem 

10 

2 41 

16 1 

0 0 



Pods 

5 

2 42 

16 2 

16 6 




10 

3 67 

23 9 

12 i 
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T IDLE IV — Concluded 


Plant 

Age 

Tissue 

Transami 

nation 

period 

Oxalacetic 

acid 

formed 

Transrm 

nation 

3 




min 


per cent 


Kohlrabi 



10 

1 07 

7 1 

3 9 




10 

2 29 

15 4 

16 6 

Green beans 

9 

Leaf 

10 

1 84 

12 4 

6 4 



Stein 

10 

3 07 

20 6 

9 7 



Root 

10 

1 86 

12 4 

22 2 



Nodules 

10 

2 33 

15 6 

19 7 

Maple 


Leaf 

10 

0 40 

2 7 

6 0 

Pine 


Needles 

10 

0 00 

0 0 

0 0 


Table V 


Transamination in Plant Tissue, Reaction 1, a, 10 Minutes 


Plant 

Ag« 

Tissue 

Control 
recovery 
(glutamic 
acid + 
enayme) 

Glutamic 

acid 

transami 

nated 

Transami 

nation 

Qt(N) 


uks 

1 

1 

per cent . 

micromoles 

per cent 


Soy bean 

10 

Nodules 

80 

9 32 

39 1 

82 0 

Potato 

2 

Root 

81 

7 85 

32 9 

146 3 



Stem 

89 

6 51 

27 3 

102 2 



Leaf 

86 

8 70 

36 5 

29 0 

Tomato 

6 

Leaf 


6 25 

26 2 

35 2 



Root 


9 24 

38 7 

111 0 

Garden peas 

12 

Pods 

82 

10 00 

41 8 

33 7 

Squash 


Leaf 

80 

13 47 

56 5 

45 5 

Barley, Korsbj g 

2 1 


89 

7 90 

33 1 

44 2 


for Reaction 1, h are presented m Table IV Soy beans, potatoes, tomatoes, 
and beets were investigated at the 2 week stage and again at the 6 or 10 
week stage Transamination ability tended to decrease with age m soy 
beans, tomatoes, and beets, but 6 week-old potato plants showed a shghtly 
greater activity than the 2 week-old plants The greatest activity, ex- 
pressed on a nitrogen basis, was always found in the roots (except beet and 
cabbage) In all examples cited greater activity was found m the leaves of 
the 2 week-old plants than in the leaves of mature plants (except potato) 
Carrot root had an abnormallj’’ high Qt (N) Roots and nodules of green 
beans were more active than the leaves or stems The active mtrogen 
metabolism m green pea pods probably accounted for the high values m the 
pods, in contrast to the lower values found in the other tissues of the pea 
The fleshy stem of kohlrabi had high activity and this was also true of 2 
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week-old cabbage stems The piesence ot tiansaminase m squash fruit was 
of interest The enzjTme could not be detected m any appreciable amounts 
m such fruits as green apples or gieen tomatoes 

Reaction 1, a was also studied m vaiious plant tissues The results are 
piesented m Table V Gieatest activity, on a nitrogen basis, is again 
exhibited by the roots 

DISCUSSION 

Tiansammase activity was demonstrated in various tissues from many 
types of plants Acti\nty v as always found m tissues containing significant 
quantities of ciude piotem, but m tissues low in protein, such as green 
apples, gieen tomatoes, maple leaves, and pine needles, marked activity 
could not be demonstrated Although matin e plants generally have a less 
intense protein metabolism than geiminating seeds, their tissues shoned 
Ingh transaminase activity The Qt (N) values foi many mature tissues 
weie of the same oidei ot magnitude as for germinating seeds Leaves had 
active sy stems, shoving a highei peicentage tiansamination of substrate 
in a given length of time per ml of sap than did either roots or stems 
Howevei, a more valid compaiison can be made from the Qt values 
which are based on the mtiogen content of the enzyme pieparations, roots, 
with a low mtiogen content, showed highei Qr (N) values than leaves 
In view of the geneial occuiience and Ingh activity of transaminase in 
plant tissues, it seems probable that tiansamination functions actively 
in the protein metabolism of plants 

SUVDLVEY 

1 Embryos of geiminating seeds vveie tested foi their ability to catalyze 

the forw'ard and rev^ei se glutamic-aspartic tiansamination reaction In the 
case of malt sprouts the tiansamination quotient tended to increase wi 
age and lev^eled oft at the 120 houi stage , 

2 Very active tiansaminases, catalyzing both the glutamic-aspartic an 
glutamic-alanine tiansammations, vveie found m unheated wheat germ 

3 The presence and distiibution of aspaitic-glutamic transaminase ^n 
mature highei plants was deraonstiated Leaf, stem, root, fruit, an 
nodulai tissue all catalyzed the leaction Leaf tissue was found to be ve 
active per unit volume of sap, but roots and nodules had higher (Jt( 
values 

4 The transamination late per unit of tissue decreased with age m 
growmg plant At matuiity the Qt (N) values fox the various tissues 
maikedly lower than foi the 2 week-old plant tissues 
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THE ENZYIVIATIC DEGRADATION OF COZYMASE AND THE 
INHIBITORY ACTION OF a-TOCOPHERYL 
PHOSPHATE 

Bv I\URY E SPA.ULDING «.d W DONALD GRAHAIVI 
(From the Biochemistry Division, the Ontario Research Foundation, Toronto, Canada) 

(Recei\ ed for publication, July 14, 1947) 

A cozymase nucleotidase, the activity of which is inhibited by mcotin- 
amide, was postulated by Mann and Quastel (1) as e\istmg m rat brain, 
kidney, and liver Later, Handler and Klein (2) made a study of the end- 
products of pyridine nucleotide breakdonm by animal tissues and found 
that the first product to be formed is mcotinamide Smce the dinucleotide 
IS split at a typical nucleosidic linkage and phosphate is not liberated 
primarily, the enzyme concerned in this paper will be referred to as a nu- 
cleosidase 

Houchm (3) reported that a-tocopheryl phosphate (a-TPh) loners 
tonard normal levels the lugh rate of o\ygen consumption of dystrophic 
muscle shces from rabbits and hamsters This decrease he concluded n as 
accomplished through a suppression of the succmoxidase activity of the dys- 
trophic muscle Recently, Basmski and Hummel (4) have shonm that, 
' contrary to Houchm ’s findmgs, the succmoxidase activity of dystrophic 
muscle is not abnormally high This, however, does not negate the pos- 
sibility that the lowenng of the QO* of dystrophic muscle tissue by added 
a-TPh may be due, m part, to a suppression of succmoxidase activity 
Govier el al (5) have reported marked inhibition of the succmoxidase 
system of guinea pig heart by a-TPh More recently, n orking with tis- 
sues from vit amin E-deficient animals, he has shown (6) that either a-TPh 
or digitoxm greatly increases the inhibition of the succinodehydrogenase 
system caused by diphosphopyridine nucleotide (DPN) He postulated 
the following mechamsm as an explanation of this effect a-TPh inhibits 
DPN-nucleosidase, thereby helping to preserve DPN In turn, DPN aids 
in the conversion of malate to oxalacetate, which is a potent antagomst of 

the system succmate ^ fm^arate 

It IS the purpose of this paper to report some more direct studies on the 
enzyme system m ammal tissues, which tn vitro causes the hberation of 
mcotinamide from DPN Particular attention has been accorded the 
effect of a-TPh on the system, digitoxm, inositol, and calcium ions have 
also been tested for possible inhibition or stimulation of nucleosidase 
activity 
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COZlALiSE \\D a-TOCOPHERAL PHOSPHATE 


Materials 

DPN, piepaied fiom yeast, was obtained commercially ^ The punty 
of the mateiial was detemimed by ultraviolet absorption measurements 
(7) in the Beckman spectiophotometer and the manufacturer’s statement 
of DPN content Avas confiimed All of the DPN was present in the oxi- 
dized form 

Disochum a-TPh used m these experiments A\as a synthetic preparation® 

Albmo, AVistai sti am i ats of eithei sex w ei e employed as the tissue source 
These animals had been maintained on a diet of “master dog cubes” 
(Toionto Elevators) The tissue samples weie homogenized in 0 9 per 
cent sahne and centiifuged, the residue A\as washed twice m the centnfuge 
tube AAuth fresh saline and w as finally diluted to a smtable volume with 
0 02 Ai phosphate buffer at pH 7 2 

Methods 

Test leactions were cairied out m 15 ml centnfuge tubes, each of which, 
unless othenvise specified, contained 0 5 ml of a solution contaimng 1 2 
micromoles of pure DPN, 0 5 ml of a solution of a-TPh or other substance 
under test, and 1 0 ml of w ashed tissue homogenate diluted with phosphate 
buffer In the control tubes, distilled A\atei replaced the suspected in 
hibitor The tissue homogenate was added by pipette after the tubes and 
solutions had been eciuihbrated in the water bath at 37° The total volume 
of the test mixture w’as 2 0 ml 

After (hgestion foi 20 minutes at 37° the reaction was stopped and the 
piotein piecipitated by the addition, AAith thorough mixing, of 10 ml o 
011m zinc sulfate solution followed by 1 0 ml of a 0 1 n solution of sodium 
hydroxide After centnfuging, 2 0 ml of the supernatant fluid were re 
moved by pipette and the nicotinamide content Avas determined m e 
Coleman spectiophotometei according to the method of IMehuck an 
Field (8) In applying this method it Axas found that the color whic 
developed on the addition of the aniline reached its maximum mtensity m 
0 to 10 minutes and deAuated from the maximum by less than 3 per cen 
during the f oUoaa mg 30 minutes Readings of the test solutions w 
at the convenient interval of 30 minutes after the aniline was adde 
Avas necessary to piepaie a standard curve A\ith each series of 
tions, since it A\as foimd that the position of the curve fluctuate , " 
its shape remained relatively constant 

1 Obtained from the Schwarz Laboratories, Inc , 202 East 4-lth Strwt, Ae” 

Lot 1 contained 40 per cent DPN and Lot 2 contained 60 per cent DPr pjoduots, 

* This material w as kindly supplied by Dr J G Baxter, DistiUa ion 
Inc , Rochester, New York 
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Of a number of substances tested as protein precipitants m the prepara- 
tion of the samples for analysis, only the zinc hydroxide achieved satis- 
factory precipitation This technique yielded a protem-free supernatant 
fluid with lecoveries of 100 ± 2 per cent of mcotmamide which had been 
added to the origmal muxture Negligible amounts of free color-producing 
substances were found in anj of the dilute washed tissue preparations used 
in these experiments 


EXPERIMENTAL 

Investigations showed that the optimum pH for enzyme activity is m 
the region of 7 2, this bemg the imtial pH of the buffered homogenate 
(Fig 1) Durmg the digestion peiiod, no detectable shift m pH occurred 
Prehimnary tests were necessariq with each enzyme preparation, to deter- 



pH 

1 iG 1 The efifect of pH on the activity of DPN nucleosidase The points repre- 
sent the micromoles of nicotinamide released from 1 2 micromoles of DPN by three 
concentrations of the nucleosidase from brain on hydroljsis for 20 minutes at 37° 

mine the proper homogenate dilution which allowed approximately a 50 
per cent hydrolysis of the substrate in 20 minutes When the enzyme ac- 
tivity was low, some compromise was occasionally necessary to avoid 
difficulties m obtaming complete precipitation of protem from the digests 

It was found that the rate of hydrolysis of the added DPN was linear 
for at least 20 min utes under these conditions Several determinations of 
the Km of the nucleosidase gave values between 1 0 X 10“^ and 5 6 X 10~^ 
M within the range t 5 q)ical of hydrolytic enzymes Smce the enzyme 
preparations w^ere by no means pure, no attempt was made to establish 
this value exactly ' 

A companson of the activities of the various tissues studied is compiled 
m Table I from the results obtamed on several groups of rats Assays 
were run on pooled tissue samples The data are not comparable to those 
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f 

reported by Handler and Klein (2), for these workers found complete 
hydrol 5 sis of DPN in the brain digests It is quite probable, m the hght 
of the present findings, that then pieparation fiom brain tissue might have 
degraded much moie DPN had Ingher concentrations been present 
In studying the inhibitory effect of a-TPh on the nucleosidase, several 
difficulties vveie encountered In unwashed preparations, inhibition by 
a-TPh was not apparent, probably because of the presence of some im 
punty, soluble m saline, which inactivated oi removed the a-TPh With 
washed pieparations fiom brain there was a decided inhibition of 
nucleosidase activity wuth incieasing amounts of a-TPh A tjqncal result 
is shown m Pig 2 Inhibition increased lapidly until the a-TPh concen- 
tration leached 1 96 micromoles in each digest, further increases in in 
Inbitoi concentration caused a less rapid increase m the degree of inhibition 
The data in Table II illustiate the effect of various levels of a-TPh on the 
activity of the biam enzjmie at several substrate concentrations 


Tvble I 


Rclatnc Iclaily of DP\ Xuclcosidase tn Rat Tissue 


Tissue 1 

Hclatn e oudcostda&c 
acu% 

1 

Tissue 

HebUve nudeosito 
actint) 

Brain* 


Liver 

22 

21 

Lung 

2S 

Kidney 

Heart 

27 ! 

Muscle 

s 


■* The nucleosidase per gm of dry brain, under tlio conditions of these experimenta, 


split approximately 15 ni’ii ot DPN in 20 minutes 


That the inhibition ot nucleosidase activity by a-TPh is also found m 
the crude enzyme piepaied flora lung, heait, muscle, kidney, and liver 
may be seen from the data in Table III Quantitatively, much Ing 
a-TPli concentrations aie lequiied with tissues other than brain to ac e\e 
an equivalent degree of inhibition Tins may be due to some mterac ion 
of the a-TPh with piotein which is present in laigei amounts m the ver 
concentrated homogenates of these othei tissues , 

Govier has demonstrated that digitovin has an effect on succmode 
genase and on lactic dehydrogenase, which is similar to that of a-T 
results shown in Fig 3 tend to suggest that the digitoxm acts by a ® ^ ^ 
mechamsm, since no direct effect on the nucleosidase activity is 
It was necessary to include some alcohol m ordei to get appreciable a 
of digitoxin into solution Control tests showed that any mhibi ion ^ 

’ A personal communication with Dr Govier indicates that he has rea 
same conclusion 
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a-TOCOPHERYU PHOSPHATE 
( MICROMOLES ) 

Tig 2 



OIGITOXIN 
( MICROMOLES I 


Fig 3 


Fig 2 The inhibitory effect of a-TPh on the DPN nucleosidase of rat brain 
homogenate Each digest contained 1 2 micromoles of DPN 

Fig 3 The effect of digitoxin on the activity of DPN nucleosidase Small 
amounts of alcohol were introduced to aid in the solution of the digito\in The 
circled points indicate the effect of concentrations of alcohol alone which correspond 
to those amounts used in dissolving the glycoside 


Table II 


a-TPh Inhibition of Brain DPN ucleosidase at Different Substrate Levels 


Micromoles m digest 

Nicotinamide released ' 

Per cent mhibiUon 

DPN 1 

aTPh 



0 6 

0 

micromoles 

0 28 

0 

0 6 

0 59 

0 16 

43 

0 6 

1 18 

0 14 

50 

0 6 

2 35 

0 07 

75 

1 2 

0 

0 48 

0 

1 2 

0 59 

0 42 

12 

1 2 

1 18 

0 28 

42 

1 2 

2 35 

0 13 

75 

1 8 

0 

0 56 

0 

1 8 

0 59 

0 50 

11 

1 8 

1 18 

0 32 

43 ♦ 

1 8 

2 35 

0 17 

70 


duced by the digitoMn m alcohol could he traced directly to the alcohol 
T his inhibition by alcohol seems to be due to precipitation of DPN rather 
than to a direct action on the nucleosidase 
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Work done by Milhorat and Bartels (9), mth patients suffering from 
muscular dystrophy, suggested that tocopherol foims a condensation 
product with inositol in the gastromtestmal tiact This inspired an m- 

Tvble III 

Inhibition of DPH ^ udeosidase of Various Tissues by a TPh 


DPN concentration 1 2 micromoles in each digest 


Nucleosidase 

source* 

a TPh la 
digest 

Nicotina 
nude re 
leaded 

1 Per cent 

mbibitiOQ 

1 

Nucloosidnso 

source* 

o TPh in 
digest 

Nicotina- 
mide re- 
leased 

1 

Per cent 
mhibitoa 


mtCTomoUs 

vucTomoles 



mtcTomolet 

micTomolei 


Brain 

0 

0 57 

0 

Liver 

0 

0 60 

0 


i 9 

0 10 

82 


4 9 

0 GO 

0 

Lung 

0 

0 51 

0 


9 8 

0 53 

12 


4 9 

0 45 

12 

Kidnej 

0 

0 38 

0 


9 S 

0 32 

37 


4 9 

0 31 

IS 

Heart ' 

0 

0 43 

0 

Muscle 

0 

0 32 

3 


4 9 

0 36 

20 


4 9 

0 23 

2S 


9 8 1 

0 19 

58 


9 8 

0 19 

41 


‘Washed homogenate diluted to a suitable- lev el 


Tvble IV 

Ejffeci of Inositol, with and uithout a TPh, on DPN Nucleosidase of Rat Brain 

and Luer 


Enzyme source 

Micromoles m digest 

Nicotinamide released 

Inositol 

a TPh 




micrffpwhi 

Brain 

0 

0 

0 37 


11 1 

0 

0 37 


22 2 

0 

0 37 


33 3 

0 

0 37 


0 

1 96 

0 09 


5 55 

1 96 

0 09 


11 1 

1 96 

0 08 


22 2 

1 96 

0 09 

Liver 

0 

0 

0 43 


0 

8 69 

0 17 


24 7 

8 69 

0 17 


24 7 

0 

0 49 


/estigation of a possible effect of inositol on the nucleosidase sj'stem, e ^ 
hrectly or through the a-TPh inhibition mechamsm Table IV 
the results obtained The inositol tn mlro affected neither the ac^iv^ 
the nucleosidase noi the degree of its mhibition by a-TPh T s 
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foi both livei -^nd biam homogenates, as is shoivii in Table IV Incubatmg 
the mobitol and h\ei homogenate, i\ith and without a-TPh, at 37° for 30 
minutes piioi to adding the substrate, did not affect the results shown m 
Tiblc IV 

In 1942, Swingle cl al (10) postulated that calcium ions accelerated the 
destruction of DPN by its nucleosidase Since they followed the degrada- 
tion by measuring residual DPN, there is no assurance that the enzyme 
stimulated by calcium ions is the nucleosidase If such is indeed the case, 
this might be accomplished indirectly by remo\ al of the a-TPh inhibition 
of DPN nucleosidase Such a mechanism has been proposed by Ames 
(11) who has presented evidence that calcium ions precipitate a-TPh as the 


Table V 

Effect on Brain Nucleosidase of Ca'^* tn Presence and Absence of a-TPh 


Micromoles in digest 

Nicotinamide released 

Ca++ 

a TPh 

0 

0 

micTomoUs 

0 39 

0 

1 47 

0 07 

0 05 

0 

0 45 

0 05 

1 47 

0 07 

0 1 

0 

0 46 

0 1 

1 47 

0 07 

0 5 

0 

0 45 

0 5 

1 47 

0 07 

1 0 

0 

0 44 

1 0 

1 47 

0 07 

5 0 

0 

0 40 

5 0 

1 47 

0 07 


• *CaCl2 


relatively insoluble monocalcium salt of TPh He found that by addition 
of calcium chloride to the TPh-inhibited succinodehydrogenase system the 
inhibition was diminished and this he explained through the mechanism 
outlined by Govier et al (6) With the DPN nucleosidase, added calcium 
ions produced httle or no change in the rate of substrate hydrolysis (Table 
V) When a-TPh was added along with the calcium, no effect of calcium 
on the degree of enz 3 me inhibition by a-TPh could be detected at molar 
ratios of Ca a-TPh fioml 29 4 to 1 0 29 Atime-hydrolysiscurveremamed 
linear beyond the 20 minute digestion period usually employed, a stimula- 
tory effect, therefore, was not masked by carrymg the hydrolysis of the 
substrate too far An attempt was made to dupheate the w ork of Swmgle 
et al , except that the breakdown of added DPN was measured by estimating 
liberated mcotinamide Contrary to their findmgs, no stimulation by 
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calcium ions was noted The mvolvement of some other enzyme stimulated 
by calcium remams to be mvestigated. 

SUjMMART 

1 The optimum pH for the activity of diphosphopyridme nucleotide 
nucleosidase has been estabhshed at about 7 2 

2 a-Tocopheryl phosphate inhibits markedly the nucleosidase activity 
of washed homogenates of brain, liver, heart, kidney, lung, and muscle 
tissues of rats 

3 No inhibition of the biain nucleosidase by digito\in could be demon 
strated 

4 In the presence of inositol the ability of brain or hver nucleosidase 
prepaiations to hydrolj^ze DPX appeared to be unaffected The inhibition 
of the nucleosidase by tocopheryl phosphate was not affected by the pres 
ence of mositol 

5 Under the conditions of these experiments, the leputed activation of 
DPN nucleosidase by calcium ions could not be demonstrated, nor was there 
any mdication of a reversal of the inhibition induced by tocopheryl phos 
phate when excess calcium ions were added to the system 

6 The results of this mvestigation, in general, support the theor}' of 
Goner as an explanation of the mechanism by w Inch tocopherol may la 
hibit the succinodehydrogenase system 

The authors wish to express to Dr A hi Wynne, Department of Bio 
chemistry, University of Toronto, their sincere appreciation for his helpfu 
adnce and criticism Our thanks are also due to Di H B Speakman an 
Mr W C Henry, Ontario Research Foundation, whose cooperation ma e 
this work possible 
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MICROBIOLOGICAL DETERMINATION OF VALINE 
IN PROTEINS AND FOODS 

By MILLARD J HORN, D BREESE JONES, and AMOS E BLUM 

{From the Bureau of Human NutrUton and Home Economics, Agricultural 
Research Administration, United Stales Department of Agriculture, 
Washington) 

(Received for publication, July 14, 1947) 

In contrast to the tedious, unrehable chemical methods, the micro- 
biological assays for valine are easy and accurate A wide selection of 
media and test orgamsms for the determmation of this ammo acid is offered 
in the hterature (1-19) 

Satisfactory standard curves were developed m this laboratory with both 
Lactobacillus arabinosus 17-5 and Streptococcus faecahs 9790 In assays 
reported here, Streptococcus faecahs was used with the medium reported for 
methionme (20) and modified as used for threomne (21) 

EXPERIMENTAL 

Streptococcus faecahs 9790^ was employed in the assays desenbed 

Basal Medium — The basal medium was the same as that described in a 
previous paper for methionine (20), with the exception that pyridoxme v as 
replaped by 400 y of pyridoxamine 

Assay Procedure — The procedures followed for the cultures, inoculum, 
and preparation of samples vere identical with those described in other 
papers (20, 21) 

Preparation of Valine Standards — Stokes and coworkers (5) have shown 
that the synthetic DL-racemate has exactly one-half the activity of the 
L isomer Therefore, in preparmg standard vahne solutions and the 
standard cun^e, twice as much of the dl compound was used The titration 
values on the standard curve (Fig 1) were not altered by the addition to the 
medium of 1 2 mg of any of the other nineteen ammo acids 

Recovery of vahne added to hydrolysates of arachin, glycmin, wheat 
germ, and whole wheat gave results well within the experimental error for 
this type of assay (Table I) 

Table II shows values found for casein and several foods at different 
assay levels Data on the reproducibihty of values found for a number of 
materials when determmed by separate assays are given m Table III 

^ Obtained from the American Type Culture Collection, Georgetown Umversitj 
School of Medicine, Washington, D C 
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MICROGRAMS OF ot-VALINE 
riG 1 


Tvblb I 


Recovery of Valine Added to Protein Hydrolysates 


Piotein hydrolysate 

Valine 

In hydro!} sate’ 

Added 

Total 

Found 

Recovuy 


7 


■ 


7 


7 


per nil 

Arachin 

4 

7 



14 

7 

14 

3 

97 


9 

4 



19 

4 

19 

3 

99 


14 

1 



24 

1 

24 

8 

103 

Glycimn 

4 

3 

^^Bb 


14 

3 

14 

3 

100 


4 

3 



24 

3 

24 

S 

103 


4 

3 



34 

3 

34 

3 

100 


4 

3 

40 

0 

44 

3 

43 

s 

yy 

Wheat germ 

3 

5 

20 

0 

23 

5 

23 

5 

100 


7 

0 

20 

0 

27 

0 

26 

s 

yy 


10 

0 

20 


30 

5 

30 

5 


Wheat, ■whole 

3 

5 

5 


S 

5 

S 

7 

iUo 


3 

0 

10 


13 

5 

13 

5 



3 

0 

15 

0 

IS 

5 

19 

0 



3 


20 

0 

23 

5 

24 

2 



* Not corrected for moisture and ash 







Table II 

y aline Content at Different Assay Levels * 


Material 

Level added 

Found 


y 

per cent 

Casein 

100 

6 30 

- 


6 25 


300 

6 50 


400 

6 25 

A\ erage 


6 33 

Cottonseed flour 

200 

2 50 


400 

2 55 


600 

2 67 


800 

2 50 

Average 


2 55 

Ovalbumin 

100 

7 00 


200 

7 00 


300 

7 20 


400 

7 20 

Average 


7 10 

Oatmeal 

500 

0 S4 


1000 

0 85 



0 S3 



0 83 

Average 


0 84 

Rye, whole 

1000 

0 55 


2000 

0 55 


3000 

0 54 


4000 

0 54 

Average 


0 55 


* Not corrected for moisture and ash 


Table III 

Reproducibility {Per Cent) of Valine Content When Determined by Separate Assays* 


’ Material 

Assay 1 

Assay 2 

Average 

Casein 

6 49 


6 41 

Corn germ 

1 15 


1 13 

Glycinin 

4 30 

[ 4 26 

4 28 

Ovalbumin 

7 07 

7 10 

7 08 

Cottonseed globulin 

5 32 

5 40 

5 36 


* Not corrected for moisture and ash 
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THE TRYPTOPHAN CONTENT OF NORMAL HUMAN URINE 

By clarence P BERG and WAYNE G ROHSE 
(Prow the Biochemical Laboratory, State University of Iowa, Iowa City) 

(Received for publication, July 14, 1947) 

Some tune ago Mbanese and Franlcston lepoited uimaiy tryptophan 
outputs of 22G to 336 mg pei day m seven normal men on normal diets 
(1) Such rapid wastage of a noimal tissue constituent which is not S 3 m- 
thesized at an appreciable rate, if it is at all, in the human organism (2) 
IS hard to reconcile iiith present concepts of ammo acid metabohsm A 
daily output of this much tiyptophan exceeds the 0 2 gm estimated by 
Rose to be the mmiraal daily mtake needed to maintam nitrogen equilib- 
rium (3) 

In a recent review, Albanese (4) reports that m the 24 houi urmes of thirty 
normal human subjects the ammo mtrogen of trjpitophan accounted foi an 
average of 4 8 per cent of the total 200 to 700 mg of free plus bound ammo 
mtrogen If this is tiue, the contribution of tiyptophan to the total uri- 
nary ammo nitrogen greatly exceeds its share m the total free plus bound 
amino nitrogen in dietary protem In such an excellent dietary source of 
tryptophan as casein, the ammo nitrogen piesent m tiyptophan represents 
less than 2 per cent of the total a-ammo nitrogen that can be hberated by 
hydrolysis The difference between a 2 per cent share in the a-ammo ni- 
trogen mtake and a 4 8 per cent share m the ammo mtrogen output would 
seem to require the assumption either that considerable synthesis of trypto- 
phan must occur in the human or that tryptophan is much more poorly 
metabolized than the average ammo acid when fed m the form of protem 

Assays with Lactobacillus arabinosus have laised doubt concerning the 
conclusions of Albanese and Frankston by faibng to confirm their observa- 
tions Schweigert, Sauberhch, and Elvehjem (5) could account microbio- 
logically for the urinary excietion of only a tenth as much tryptophan per 
day (12 6 to 30 5 mg ) Frankl and Dunn obtained closely similar results 
(12 8 to 22 9 mg ) on 24 horn urmes from noimal adult male subjects on 
uncontrolled normal diets (6) In advancmg possible reasons for the wide 
divergence between the results of Albanese and Frankston and their own, 
Schweigert, Sauberhch, and Elvehjem (5) suggested that certain trypto- 
phan and indole derivatives measurable chemically may fail to mduce a 
response in Lactobacillus arabinosus This idea is echoed m a foot-note to 
the paper of Frank! and Dunn (6), which quotes Albanese as expressing 
the opimon that pait of the tryptophan m the urme is bound, that both 
this fraction and the free tryptophan are measuied by the Albanese and 
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Lactobacillus arahinosiis responds only to free 

Careful study of the paper of Albanese and Fiankston (1) seemed to 
mdicate that their chemical proceduie may have been madequate Their 

indica°n "" modification of the JoUes color reaction for 

mdican Its performance ivas not compared with that of any other of the 
many weU knmvn chemical methods for estimating tryptophan Its failure 
Irbto* “to tM additions of tryptophan to the unne rvas asrabed 

* Inl “'““y tte acd-urrne matures of the mercana 
5,™ TT P‘“>P“at<=d to offoct concentration of the triptophan 
friTLh”^^ "OHIO oapenencc with the method of Shaw and McFailane 
kms rXV f a quantitative apphcation of the ^^ell known Hop 

wouM thT ’ deteimimng whether this method 

olipfl ^iPPioymately the same or widelj’- divergent results when ap 

cpfhirp simultaneously ivith the *Vlbanese-Fiankston pro- 

cedure The purpose of this paper is to report oiii observations 

experiment \L 

ivalronf Frankston found their procedure insufficiectlj sensitive to 

bv nrppm^^f^"^ ifc without fiist coucentratmg the tiyptophan in the urine 
MoS!Zp The sensitmty of the Shaw and 

is annliPfl adequate, but inter fei mg colors develop whenifc 

Albanpsp n i^r ^ r Hence, the pieluninary steps suggested bj 

vatld n! Tranlcston, involving percolation of the urme through acti 
apidffiprl filf ^ + 0 remove aramoma and other bases, extraction of the 

^°”^ove indole and ether -soluble derivatives, 
soliitinn rrf^+i, ^ mcmuiic suIfatc to concentiate the tr 3 q)tophan, and 
w'prp nil ^ f Piecipitate m the tuchloroacetic-hj'-diocliloiic acid reagent, 
methods ^ ° solutions analyzed colorimetiicallj by the two 

Pi ehmtnaiy Tests Albanese and Fiankston noted that Beer’s law did 
u ^ colors developed when then colorimetric piocedure 

TN n ° measuie various concentrations of pure tnmtophan in water 
pipnf plotting 1 eadings made in a Ivlett-Summerson photo 

ric co ornneter fitted with Filter S-54, and collected for the reading of 
eagen an , against contents of tryptophan ranging by intervals of 
1 mg from 0 4 to 1 4 mg m the 2 ml of aqueous test solution The 
ranged fiom a light gieen foi low concentiations of tr 3 T)to 
p an to a bright red for high concentrations The calibration curve was 
similar to the one published by Albanese and Frankston (1) 

■p , happy to acknowledge our indebtedness to Merck and Company, lae , 

ay, ew ersey, for the supply of nn-tryptophan used in this study 
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Cilibiation ciines Reie also constiucted fiom readings obtained by 
applying the Shaii-iMcFailane pioceduie to 0 5 ml test samples contammg 
ti j ptophan m amounts vaiying by 0 01 mg mteivals from 0 01 to 0 14 mg 
The leadings i\oie collected foi the color produced in a blank from which 
only the glyo\yhc acid icagent was omitted With either Filter S-52 
01 S-54, the lesults obtained fell on a straight Ime, indicating that in 
these cases Beei ’s lau apphed well - 
Rccoveiies of Tvjptophan from Untie — Five ahquots of a mixed urine 
sample uere anah''zed in duplicate by both the Albanese-Frankston and 
the Shaw -iMcFarlane pioceduies To the fiist aliquot no tryptophan was 
added, additions to the otheis amounted to 0 25 to 1 00 mg per 20 ml of 
sample fiom which the meicuiic sulfate complex was piecipitated Re- 
sults of the analyses aie showm in Table I The Albanese-Frankston 
piocedure indicated the piesence of much moie tij'ptophan in the original 


Table I 

Tryptophan Recoveries from Urine by the Albanese-Frankston and 
Shaw-McFarlane Procedures 


Tryptophan added 

Albanese Frankston procedure 

Shaw McFailane procedure 


Completeness 
of recovery 


Completeness 
of recovery 

mg 

mg 

per cent 

mg 

per cent 


1 7 




0 25 

1 SO 



93 6 

0 50 

2 09 ' 



96 3 

0 SO 

2 32 

70 7 


95 0 

1 00 

2 49 

79 0 

1 19 

94 0 


urme and accounted for consideiably less of the added tiyptophan than 
did the Shaw-McFailane method 

Calculated pei 100 ml of uiine, the added tiyptophan unaccounted foi 
by the Albanese-Fiankston proceduie ranged fiom 0 55 to 1 05 mg and 
aveiaged 0 81 mg pei 100 ml , in excellent agreement wuth the 0 5 to 1 05 
mg and the average of 0 78 mg reported by Albanese and Frankston (1) 
as lost per 100 ml Then assumption that the discrepancy was attnbutable 
chiefly to the solubihty of the mercuric sulfate complex in the acid unne 
from which it ivas precipitated ivas not confirmed by assays wnth the 
Shaw-McFarlane technique This method accounted for all but 0 10 to 
0 30 mg of the added tiyptophan per 100 ml The average discrepancy 

* Some grades of c p concentrated sulfuric acid produce a yellow colored blank. 
We have found Baker's c p special grade, low in nitrogen and arsenic, satisfactory 
[t IS well also to use a good grade of copper sulfate 
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was only 0 18 mg , 0 6 mg less per 100 ml than the loss reported by 
Albanese and Fiankston Analysis by the Shaw-hlcFarlane procedure 
of ten different aqueous solutions which contained 0 25 to 3 00 mg of 
tryptophan m the 20 ml precipitated iiith meicuiic sulfate, but uhich 
were not first percolated through peimutit, yielded smaller discrepancies 
The largest divergence was 0 20 mg per 100 ml , the average 0 045 mg 
If the poorer recoveries of tryptophan from the urine than from aqueous 
solution aie attributable to the influence of the urine on the solubibty of 
the mercuric sulfate complex, the effect is only a fifth to a SLxth as great as 
suggested by Albanese and Frankston It ould be surprismg mdeed if 
absolutely no loss of tiyptophan should occur in the passage of the urmes 
through the column of pei mutit 


Table II 


Apparent Tryptophan Content of 3i Hour Urine Samples 


Sample No 

Albanese Trankston procedure 



ms 

m 

la* 

170 0 

25 0 

lb 

173 0 

31 2 

Ic 

152 4 

29 0 

2a* 

2-10 0 

42 0 

2b 

104 8 

29 6 

2c 

182 0 

31 0 

3 

140 0 

20 3 

4 

137 0 

23 7 

5 

237 5 

37 0 

6 

14G 0 

214 

7 

141 0 

20 0 


* Three separate 24 hour samples were collected by Subjects 1 and 2 


With the Shaw-McFarlane procedure it is possible to compensate or 
the coloi of the solution of the mercuric sulfate complex in the acid nmxtme 
by usmg a blank contaiumg this solution and all of the reagents but e 
glyoxyhc acid Albanese and Frankston use only a leagent blank, w c 
does not afford similar compensation In our hands inclusion m the a 
of the solution of the mercuric sulfate complex prepaied from a nw 
urme and omission from it of the sodium mtiite and the acetic aci P 
duced a color moie intense than that obtamed m a loutine test of t e s 
urme We are therefore inchned to attribute the discrepancies i^^ 
coveries with the Albanese-Frankston procedure and the high 
gives of the tryptophan present m normal urine clnefly to errors m 
in the colorimetric technique 
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Analysts of 2 Ilout Samples of Untie — The Albaiiese-Frankston and 
Shiw-McFarlaue proceduies wcie finally applied simultaneously to eleven 
dilTeient 2i houi mine specimens collected from seven different male 
^subjects ingesting xveiage diets The lesults are presented in Table II 
The uncorrected outputs ot 137 to 240 mg of tiyptophan per day measured 
with the ^Ubanese-Fiaukstou coloiimetnc piocediire were somewhat less 
than the values lecorded by the originatois of this method The 20 to 42 
mg of tr 3 "ptophan indicated bj" analysis of the same urines with the Shaw- 
!McFailane coloiimetnc teclmique vere coiielated much more closely with 
the 12 to 30 mg pei day obtained miciobiologically by Schweigert, Saubei- 
hch, and Elvehjem and the 12 to 22 mg noted by Fiankl and Dunn than 
vith the lesults obtained with the Albanese-Fi ankston piocedure The 
loss of trj’^ptophan which may have resulted from the solubility of the 
mercuric sulfate complex oi fiom the adsorption of tryptophan on the 
peimutit could haidly have exceeded 6 mg per 24 hour sample 

smauRx 

Comparisons ot the Albanese and Frankston and the Shaw and McFar- 
lane colorimetric pioceduies foi estimatmg tryptophan indicate that the 
latter method is the moie dependable and moie accurate, as judged by 
vaiiations in coloi development with concentiation and capacity to meas- 
uie accurately additions of ti 3 '’ptophan to uiine In 24 hour urme speci- 
'mens, estimated bv the Albanese and Fi ankston piocedure to contain 
137 to 240 mg of tiyptophan, only 20 to 42 mg were measured by the 
Shaw and McFailane piocedure The lattei values are not markedly 
gieater than the lesults nith miciobiological assays leported in the htei- 
ature and they seem to confoim moie closely with the urinary excretion 
of tryptophan that might be anticipated from its mdispensability and its 
low concentiation in dietaiy pioteins 
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THE XJTILIZA.TION OF d-AMINO ACIDS BY MAN* 

VII PHENYLALANINE 

ANTHONY A ALB^NESE, VIRGmiA IRBY, and MARILYN LEIN 

(From the Department of Pediatrics, New York Unnerstiy College of Medicine, and 
the Children's Medical Service, Bellevue Hospital, New York) 

(Received for publication, May 17, 1947) 

E\istmg data obtained fiom studies performed on humans and experi- 
mental animals indicate that two by-products (phenylpyruvic acid and 
L-tyrosme) result from the normal metabolism of naturally occurring 
phenylalamne in the mammahan organism Evidence from the studies 
on alkaptonuria (1), tjnosinosis (2), phenylpyruvic oligophrenia (3), and 
vitamm C-deficient, prematuie infants (4) suggests that the amount of 
phenylalamne converted into these twro substances and mono- and dihy- 
droxy aromatic acids may vary according to the metabolic idiosyncrasies 
of the orgamsm 

In addition to these difterences in the mammahan metabolism of l- 
phenylalamne, considerable evidence of species differences in the utihzation 
of D-phenylalamne is on hand Feeding experiments mth immature lats 
recently reported by Rose and Womack (5) reveal that the optical isomers 
-of phenylalanme are almost equally effective m promoting growth when 
used to supplement a diet devoid of phenylalamne In earlier studies 
Lewis and associates (6), however, found that labbits excreted greater 
amounts of phenylpyruvic acid foUowong subcutaneous or oral administra- 
tion of DL-phenylalanme than after the admimstration of L-phenylalanine 
This observation and that of Levine and coworkeis (7) on the infant indi- 
cated that D-phenylalanine is not utilized as readily as the l variety m the 
rabbit or the infant In previously reported expenments (8) , we found that 
the ingestion of racemic phenylalamne caused an increase in urinary 
phenylalamne in man equivalent to approximately 25 per cent of the 
D form occurrmg m the racemate The failure of the administration of 
L-phenylalamne to raise appreciably the urinary levels of this ammo acid 
led us to conclude that the n-phenylalanme is not completely utihzed by 
man Our subsequent studies on the metabolism of D-t 3 T:osine mdicated 
that measurements of the ahphatic urinary orgamc acids are required for a 
more complete evaluation of the utilization of the aromatic amin o acids 
(9) Accordmgly, w'e have repeated our mvestigations with the isomers of 
phenylalanme m order to ascertam the role of the orgamc acids in the 

* The work described m this report was supported by grants from the Rockefeller 
Foundation and the National Live Stock and Meat Board 
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mteimediaiy metabolism of phenylalanine The results of these expen 
ments disclose that gieat individual differences exist in the utilization of 
D-phenylalanme as measuied by the excess urmaiy phenylalanine and 
01 game acid output induced by the administration of the racemate, and, 
that m some individuals fai less D-phenylalanme is utilized than is indicated 
by the uiinaiy phenylalanine measurement alone 

EXPERIMENTXL 

The DL-phenylalanine (iMeick) employed m these stuches was found to 
be optically inactive in water solution and to contain 8 30 per cent N 


T\ble I 

Effect of AdminislTaiion of 0 01 Mole of l- or Di^-Pliuii/lalanine on Output of Some 

Urinary Metabolites* 


Subjects 

Phen>lalaninc 

T>rosme 

Free phenols 

Organic aadj 





Phenylalanine fed 






Xone 

I- 

DL 

None 

L 

DL 

Xone 

L- 

DL 

Xone 

L 

DL 











(C 01 

cc 0 1 

ccOJ 


Pts 

ms 

mi 

in$ 

ms 


ms 

MS 

ms 

H act 

vflfi 

\ 30 

A, cf, 70 kilos 

136 

1S2 

355 

53 6 

47 2 

60 S 

210 

ISO 

20S 

19S 

196 

SiO 


125 


472 



69 0 

162 


204 

161 


32o 




519 









313 

I, 9 . 60 “ 

145 

158 

475 

56 9 

66 5 

63 4 

24S 

216 

:28 

197 

249 

311, 




422 



60 6 



224 



312 

c, cf.eo “ 

S4 6 

120 

362 

2S 2 

32 0 

36 3 

123 

127 

102 

191 

215 

23d 

(infant) 













L, 9 , 62 kilos 

82 

no 

120 

37 4 

36 S 

2S 5 

149 

140 

132 

146 

221 

li/y 




192 



43 2 



1S4 



loo 




161 



43 1 



133 




JJo 


* The values for adults represent the output for a 7 hour period following ings=ho 
of the ammo acid, those for the 6 month old infant are based on 24 hour col cc lo 


(theoiy, 8 48 pei cent N) bj micio-Kjeldahl analysis The L-phenylalamne 
(Lemke) was found to have a specific lotation of [a] 5^ (1 9624 ^ Av 
100 cc of watei) = -33 5° (Fischer and Schollei (10), [«]f = 
and to contain 8 20 pei cent N 


Human Expenment 

Aftei the ehmmation of the control urine specimens, which were^co e 
2 hours after bieakfast, the subjects were given 0 01 mole 
L- or DL-phenylalanme dissolved in 240 cc of water, 120 cc more ® 
also given at the end of each of the succeechng 6 hours to ^,jjjch 

unne execretion This period was selected on the basis oi 
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showed that the phenylalatiine output fell to normal after this interval had 
elapsed The urines \\ ere pooled for the period of the experiment and then 
analyzed foi total ox game acids (H), ether-soluble free phenols (12), phen- 
Vlalamne (8, 13), and tyrosine (9) Since the ingestion of food did not 
seem to affect the output of these metabohtes, the normal food intake of 
the subjects vas not restricted In the study on the infant, the 0 01 mole 
of L- or DL-phenylalanine was given with the 10 am feeding, and the 
urines collected during the succeeding 24 hours were analyzed for the 
constituents previously mentioned All of the control experiments, in 
winch no phenylalanine was fed, were similarly performed 
The analytical results obtained from these experiments are collected in 
Table I It is to be noted that, although the excretion of phenylalanine 
and orgamc acids is increased in varying amounts in different subjects by 
the admmistration of DL-phenylalamne, the output of these substances is 
not raised above the control levels m any subject by the ingestion of 



L-phenylalanme The non-aromatic nature of the excess of orgamc acids 
found m the urme of some of the subjects fed DL-phenylalamne is mdicated 
by the negative tests for phenylpyruvic acid (14), hippuric acid (15), and 
benzoic acid (16) given by the samples The similarity m output of 
ether-extractable phenols (Table I) subsequent to the administration of 
DL-phenylalanme to the output of these substances m the control and 
L-pbenylalamne experiments also suggests that the excess orgamc acids 
resultmg from the ingestion of the racemate are not hydroxy aromatic in 
character 

The production of these non-aromatic orgamc acids from the not easily 
fissionable benzene ring of phenylalamne is difficult to explain unless it is 
assumed that they arise from n-tyrosme which could be produced in the 
body by oxidation of the v component of the admimstered phenylalamne 
racemate The scheme of the metabohe processes afforded by this specula- 
tion, which seems to fit the data presented m Table I, is showm m the 
accompanying diagram 
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It also appears fiom oiu findings that the oiganism is not overwhelmed 
by the small doses of phenylalanine fed and that the metabolic intermedi- 
ates of this scheme, phenj Ipynivic acid and n-tyiosine, arising from the 
oxidation of D-phen> lalanme are so rapidly converted to their respective- 
ternunal products as to av oid excretion in the unne In the rabbit expen 
ments of Levis and his covorkeis (6) and in the studies upon infants of 

Tvble II 

Organic Acid and Phenylalanine Output for 7 Hour Period Following Administralion 
of 0 01 Mole of h- or T>L-Phenylalanine 
1 65 gm of DL phenylalanine = 0 S3 gm of d phenylalanine 
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Since the output of phenylalanine and the othei metabohtes reverts to 
the normal in 6 to 7 hours after the admmistration of racenuc phenylalanine, 
the actual amount of urmaiy phenylalamne ansmg from the mgestion 
of the D variety can be appioximated from the difference m phenylalamne 
output for the 7 hour period foUowmg admmistration of dl- and L-phenyl- 
alanme The values so calculated are hsted under the headmg “(b) — (a)” 
m Table II and suggest that the feeding of 0 01 mole of DL-phenylalanme 
(eqmvalent to 0 005 mole of n-phenylalamne) produced an mcrement m 
urmary phenylalamne equivalent to 1 2 to 40 6 per cent of the d component 
The quantity of n-tyrosme formed from the unn atural phenylalanme can 
be roughly estimated from the orgamc acid output if 'we assume that the 
molecular relationship of n-tyrosme to organic acids excreted (1 4), found 


Table III 

Individual Variations in Utilization of o Phenylalanine by Man 
1 65 gm of Dii-phenylalanme = 0 83 gm of D-pheuylalamne 


Subject 

Urinary phenylal 
anme determined 
colonmetrically 1 

Phenylalanme 
equivdent of 
excess organic aads 

Total D-phenylala 
nme metabohtes 
recovered 

n Phenylalanine 
not utilized 


mg 1 

Mg 

Mg 

per cent 

A, o’, 70 kilos 

173 

595 

768 

92 5 


290 

530 

820 

98 8 


337 

480 

817 

98 4 

1,9,60 “ 

317 

280 

597 

72 0 


264 

380 

544 

65 6 

C, (f, 6 0 “ 

242 

83 

325 

39 1 

L, 9 , 62 “ 

10 

0 

10 

1 2 


82 

0 

82 

9 9 


51 

0 

51 

6 1 


m our previous report (9), apphes m this instance also The results of 
calculations based on these prenuses are shown m Table II and demonstrate 
that the tyiosme equivalent of the orgamc acid excess, like the phenyl- 
alamne output, vanes with each subject tested The failure of the ad- 
mimstration of DL-phenylalanme to cause a rise m phenylalamne, orgamc 
acids, and tyrosme or other aromatic acids m Subject L, mdicates that 
some mdividuals are capable of utihzmg n-phenylalanme more completely 
than others Subject A represents the opposite extreme The metabohc 
divergence of these two individuals with respect to n-phenylalanme is of 
interest m view of their failure to exhibit such a diversity with respect to the 
metabohsm of n-tyrosme (9) 

Inasmuch as the orgamc acid attributed to n-tyrosme probably arises 
from the oxidation of an equivalent amount of n-phenylalanme (see the 
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diagram), the total amount of n-phenylalanme not utilized can be ascer- 
tained from the sum of the organic acid excess computed as phenylalanine 
and the uimaiy phenylalanine found colorimetrically The results of these 
computations aie hsted in Table III and serve to emphasize further the 
metabolic individuahty of the subjects 


Comments 

The data piesented m this report and evidence previously reported by 
others indicate that the processes involved m the human metabolism of 
both L- and n-phenylalamne are susceptible to greater modifications that 
appeal to occui for the other ammo acids Indeed, the variability ex- 
hibited with respect to the utihzation of n-phenylalanme greatly exceeds 
that found xvitfi the n form of other ammo acids so far tested by us The 
immediate factors lesponsible foi these variants seem to aiise from differ- 
ences m rates of oxidation of phenylalanme, of either optical variety, to 
tyrosine and phenylpyruvic acid Although some of the vaiiations arising 
from differentials in the oxidations of L-phenylalamne may be related to 
differences in available vitamin C (17), it does not appear hkely from the 
recent leport of Basmsla and Sealock (18) that the diversity m the meta 
bolie handlmg of n-phenylalanine can be attnbuted properly to the same 
cause Consequently, m the absence of experimental evidence other than 
the excretion data, xve are led to suspect that the observed individual 
differences in the metabolism of n-phenylalamne are probably due to 
qualitative or quantitative vaiiations m the n-ammo acid oxidase content 
of the tissues of different subjects The evidences and imphcitions of 
biochemical individuahty m man have lecently been discussed by Williams 
(19) The often observed nutiitional differences of different strains of the 
lat, mouse, and other laboratoiy animals may also be related in part to 
variations m then enzyme components 


SUMMARY 


A remvestigation of the metabolism of n-phenylalamne in man m terms 
of quantitative differences m metabolites occurring in the urine m m 
hours followmg the admimstration of l- and nn-phenylalanine 
that, wheieas n-phenylalanme may be readily utilized by some indivi u 
in others the majoi portion of the ingested n-phenylalamne may be om ^ 
to n-tyrosine, xvhich subsequently undeigoes oxidative fission and is 
the oiganism m the foim of urinary aliphatic orgamc acids m 

lelationship of these findings to the knoxvn abberations in the me a o 
of the aromatic ammo acids m man is discussed 
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FACTORS AFFECTING FOLIC ACID DETERMINATION 

By ESTHER P DANIEL* and 0 L KLINE 

{From the Food and Drug Adminialratton, Federal Security Agency, Washington) 

(Received for publication, July 8, 1947) 

lu tlie preparation of sample solutions used m the miciobiological assay 
for folic acid various extraction methods have been employed The fre- 
quent occurrence of folic acid as complex conjugates which must be hydro- 
lyzed to pteroylglutamic acid for maximum utihzation by microorganisms 
necessitates use of enz 3 ane or chemical hydrolysis in the extraction pro- 
cedure The question of stabihty of folic acid imder such treatment, as 
well as under conditions of sterilization and storage involved m nucrobio- 
logical procedures, has been of concern in this laboratory On the other 
hand we have studied means of removing folic acid from its natural sources 
in attempts to piepare folic acid-free growth-promotmg supplements 
suitable for use m basal media The destructive effects of heat, light, and 
bisulfite have been measured, and methods of removmg fohe acid from solu- 
tion by adsorbmg agents have been studied The purpose of this report 
is to summarize briefly the results of these experiments which have added 
to our knowledge of the properties of fohe acid 

BXPERUMBNTAL 

The observations outhned here were made on crystalhne fohe acid, 
tomato juice serum (canned tomatoes filtered through smtered glass), and 
two samples of dehydiated liver extract powder, one a concentrate high in 
folic acid,‘ the other an antipermcious anemia preparation 

It mil be noted that these are soluble materials which can be added 
directly to the assay medium without prehmmary extraction, thereby 
permitting through comparison of treated and untreated portions an 
evaluation of the effects of various treatments on the fohe acid present 

Such a comparison is difficult m the study of such matenals as cereal 
pioducts, animal tissues, and rat feces, which require various types of 
manipulation before the sample can be mtroduced mto the medium for 
microbiological assay 

In the quantitative estimation of fohe acid, Lactobadllus casei was used 
with variously proposed media (1—3) and modifications thereof The 
standard folic acid solution servmg as a reference standard was prepared 

* Present address. National Cancer Institute, United States Public Health Service, 
Bethesda 14, Maryland 

' This preparation was kindly furnished by Dr T H Jukes, Lederle Laboratories 
Division, American Cyanamid Company 
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fiom a stock solution containing 100 y per ml of the crystalline vitamm 
in 0 01 N NaOH m 20 per cent EtOH Standard solutions for assay pur- 
poses were fieshly prepared for each senes of fohc acid tests by diluting 
this stock solution ivith distilled water to a concentration of 0 0002 y per 

Tabu, I 


Stability of Folic Acid under Different Conditions 


Substance 

Concentration 

Treatment* 

Loss of folic aud 


y per ml 


per cent 

Crystalline folic 

100 

Standard, 0 01 N NaOH m 20% 

0 

acid 


EtOH, stored in refrigerator 
at 1“, 3 mos 



0 0002 

Diluted standard in HjO, 

0 



filtered t 



10 

Autoclaved, 121°, 30 mm 




pHl 

100 



“ 3 

4(H5 



“ 1-12 

10-30 


1 

Autoclaved, 121°, 30 mm , basal 

<0 



medium, pH 6 8 

Sulfite, room temperature. 

75-SO 



21 hrs , pH 5 



per cent 



Liver extract 

0 5 

Autoclaved, 121°, 15 mm , 0 05 n 

0 

preparation, 


NaOH 


high in folic 


Vutoclaved 121°, 30 mm 


acid 


pH 1 

70-50 



“ 3 

3540 



“ 4.-12 

10-20 


1 

Autoclaved, 121°, 90 mm , pH 1 

90 



“ 121°, 30 “ 0 2 N 

and 1 0 IV HCl 

t 



Heated in oven, 60°, 1 hr , pH 1 

§ 

II 



« u 11 ggo^ j <<3 



“ on hot-plate, 100°, 15 

IT 



min , pH 3 

Sulfite, room temperature, 

50-60 



24 hrs , pH 5 

Sulfite, autoclaved at 121°, 15 

20-25 



mm , pH 5 

Irradiated, 500 natt Mazda 

60 



lamp, 6 hrs , pH 1, 100 ml 
over 72 sq in , 1 ft distance 

<0 

0 



Same, pH 5 5 


2 

Autoclaved, 121°, 15 mm , 0 05 N 



NaOH 

— 
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Table I — Concluded 


Substance 

Concentration 

Treatment* 

I OSS of folic acid 


per cent 


Ptr cent 

Liver extract, anti- 

0 5 

Autoclaved, 121°, 30 min 


pernicious 


pH 1 

70 

anemia prepa- 


“ 3 

40 

ration 


“ 4 

20 



“ 5-7 

10 



“ 9 

40 (Gam) 



“ 10-12 

15 (Gam) 


1 

Autoclaved, 121°, 90 min , pH 1 

80-100 



121°, 90 “ 

25-35 



pH 5 5 




Heated, 100°, 1 hr in O 2 , pH 10 

50-60 



Sulfite, room temperature, 24 hrs , 

30^0 



pH 5 


Tomato juice 

Undiluted 

Irradiated, Hanovia lamp, 3 

0 

serum, filtered 


hrs , pH 4 3, 100 ml over 


canned 


72 sq in , 1 ft distance 


tomatoes 


Same, 7 hrs 

0 


’Unless otherwise indicated, aqueous solutions adjusted to the desired pH by 
means of NaOH or HCl were used 

t Schleicher and Schull No 589 filter paper 

t Under these conditions the loss of folic acid was 5 times greater at 1 n HCl than 
at 0 2 N HCl 

§ Less folic acid was lost in this case than in autoclaving at 121° for 30 minutes 
at pH 3 

II The loss of folic acid was less than under conditions of heating in an oven at 60° 
for 1 hour at pH 1 

U This treatment produced a loss equivalent to that resulting from heating in 
an oven at pH 3 for 1 hour at 60° 

ml The stabihty of this stock solution under the usual conditions of 
storage m a refrigerator at 4° was determined 

Smce it is fiequently necessary in certain extraction procedures to employ 
filtration, it was desirable to ascertam whether loss of vitamin occurred 
as a result of adsorption on the filter paper The suitability of Schleicher 
and Schull No 589 paper was determmed 

Experiments were carried out in which fohc acid m concentrations of 1 
7 per ml was autoclaved m the Lactobacillus casei basal medium, at pH 
6 8, for a period of 30 minutes, thereby allowmg a margin of 15 mmutes 
beyond the time recommended for sterilization in the microbiological 
assay 

Dual interest, first m the quantitative extraction of fohc acid without 
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loss, and second in the complete destruction of the vitamm, prompted the 
study of the effect of heat ovei a Avide range of pH Chemiciil and irradia- 
tion treatments w ere made m an effort to effect complete destruction The 
pH of all samples was adjusted in aqueous solutions by the addition of either 
HCl or NaOH Sulfite treatment involved the addition of NajSOs and HCl 
m molecular proportion to produce NaHSOs, accordmg to the procedure 


Table II 

idsoTpiton of Folic i.cid (Cnjslalltne)* from Oil, NaOH and 0 004 'f SCI 
Solutions Estimated Visually by Relatiie Fluorescence 


Adsorbing ngeou 

Degree of acliorptioflf 

0 1 v NaOH 
solution 

OOMsHa 

solubos 

Super Filtrol (thiamine grade) 

+ 

+++ 

Activated Decalso (for thiamine determination). 

+ 

-f 

2 diEereat samples 



Activated alumina, 3 different sources 

+ 

+ 

AlgO 

+ 

++ 

Adsorptive pondered magnesia. No 2641, 


++++ 

Westvaco 



MgO, 1 part 1 



AljOj, 1 part t 

+ + 

++ 

Celite, 1 part j 



Bentomte 

+++ 

++ 

Fullers’ earth 

+ 

-h++ 

Lloyd’s reagent 

-h 

++ 

Amberlite Ul-l 


+ 

“ IR-100 

++ 

+ 

“ III-4 

-1- 

+ 

Symacar 

++ 

++ 

Carboraffin 

++++ 

++++ 

CRBX “E” 

-1 — h+ 

++++ 

Nont A 

++++ 

++++ 

Darco G-60 

-1-1-++ 

+++ 


* 25 7 per ml 

t The plus signs have been evaluated qualitatively as folloiis -h poor, ++ ^ ' 
good, -h-t-h-f very good 


routmely employed for thiamine destiuction (4) Oxygen, directly om 
tank, was bubbled for 1 hour through a 1 per cent solution of me an 
permcious anemia liver extract adjusted to pH 10 and held at IW 
radiation for a period of 6 hours vas earned out by means of a 5 
Mazda lamp at a distance of 1 foot on a 2 per cent solution of the 

tract preparation high m fohe acid 100 ml samples adjusted to 

5 5 respectively and spread over a surface of 72 sq in were used 
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of undiluted tomato juice serum havmg a pH of 4 3 were u radiated for 
periods of 3 and 7 hours lespectively with a Hanovia lamp of the high pres- 
sure mercury arc t 3 T)e In this case also, irradiation was effected on 100 ml 

Table III 

Ealimalcd Adsorption of Folic Acid from Liver Extract Solution and Tomato 
Juice Serum Following One to Three 1 Hour Treatments with 
Specified Adsorbents 


Treatment 

Degree of adsorption 

Liver extract, antipernicious anenua preparation, 2 5% solution in 0 004 n 

HCl -{- 100 rag adsorbing agent per 25 ml solution 

Darco G-60, 1 adsorption 

Small 

“ “ 3 adsorptions 

Great 

Norit A, 1 adsorption 

Negligible 

“ “ 3 adsorptions 

Less than half 

CRBX “E", 1 adsorption 

Small 

“ “ 2 adsorptions 

Incomplete 

(( (( 0 

Great 

Carboraffin, 1 adsorption 

Small 

“ 2 adsorptions 

Incomplete 

“ 3 “ 

Great 

Fuller’s earth, 1 adsorption 

Negligible 

“ “ 3 adsorptions 

tt 

Magnesia No 2641, 1 adsorption 

tt 

“ “ 2641, 2 adsorptions 

tl 

“ " 2641, 3 

Cl 

Super Filtrol, 1 adsorption 

Very small 

“ “ 3 adsorptions 

Slight 

Tomato juice serum, undiluted, 5 mg adsorbing agent per ml serum m each case 

Magnesia No 2641, 3 adsorptions, pH 4 3 

None 

Darco G-60, 1 adsorption, pH 2 68 

Incomplete 

“ “ 2 adsorptions “ 2 68 

Complete 

“ “ 1 adsorption “43 

Almost none 

“ “ 2 adsorptions “43 

Incomplete 

II “3 “ “43 

Complete 

“ “ 1 adsorption “ 91 

Almost none 

“ “ 2 adsorptions “ 9 1 

Incomplete, < pH 4 3 

II “3 “ “91 

Complete 


samples spread over an area of 72 sq in at a distance of 1 foot from the 
lamp The data for aU of these expenments are shown in Table I 
In Table II are outhned the results of quahtative experiments designed 
to determme the relative effectiveness of various adsorbmg agents m re- 
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moving folic acid from solutions contaimng 25 7 per ml of the crystalline 
vitamm m 0 1 n NaOH and 0 001 n HCl respectively Becker and Schopf 
(5) have recommended the adsoiption of pterms from 0 004 n HCl solutions 
The bnlhant blue fluorescence of folic acid m aqueous solutions when ex- 
posed to a somce of ultiaviolet light afforded a criterion for determining 
the degree of adsorption of this compound by each of the substances tested 
Tubes contaming 5 ml of a solution of ciystallme folic acid (2 7 per ml) 
m 0 1 N NaOH and 0 004 n HCl respectively were used as standards and 
by visual companson the degree of adsoiption m tliese preliminary expen- 
ments was estimated as very good, good, fair, and pool 
Based upon the findings of these qualitative tests, sex en of the most effec 
tive adsorbmg agents foi folic acid xxeie selected foi use on the antiper- 
mcious anemia liver extiact sample In addition, one of the activated 
carbons, Darco G-60, and magnesia No 2641 xxere used at three different 
pH levels of the tomato juice serum The degree of adsorption of folic 
acid xvas determined microbiologically upon the filtrate by comparison of 
the growth of Lactobacillus casei m tubes contaimng basal medium plus I 
ml of treated tomato juice serum or 1 ml of the adsorbed liver exiract 
solution (eqmvalent to 5 mg of hx'er extract) xvith that obtamed wth the 
same quantities of the respective untreated samples Negative controls 
(basal medium -without sample or folic acid) as xxell as routme controls 
(medium to xvhich folic acid xxas added in amounts sufficient to produces 
maximum effect) served as reference points for this series The results of"" 
these experiments are given m Table III 

RESULTS \ND DISCUSSION 

The stock fohc acid solution used as a reference standard w'as found to 
be stable after storage for 3 months at 4° No loss w as found upon filtering 
fohc acid solutions tlirough Schleicher and SchuU No 589 filter paper, 
xvhich IS suitable also m iiboflavin extinction procedures 

In efforts to piepaie extracts fiee fiom fohc acid, it wms foimd thatsuln e 
treatment destroyed more than half of that present, but m no instance 
destruction complete This procedure is therefore of httle value m 
preparation of growth-promoting supplements free from fohc acid 
The use of irradiation with either the Hanovia or the hlazda lamp ^'as 
also found to be an meffective method for destroying fohc acid 
Heating at pH 10 m a stream of oxygen destroyed the fohc aci 
m hver extract to the extent of 50 to GO per cent This procedure is c 
sequently of httle practical value m obtauung desirable supplemen 
In general, loss of fohc acid is greater in the case of crystalhne in ^ 
in unbuffered solutions than m natural sources of this substance ^ 

3 fohc acid is readily destroyed under most conditions and as le 
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lowered it becomes progressively more unstable Autoclaving for a penod 
as short as 30 minutes at 121° and pH 1 causes, 70 to 100 per cent destruc- 
tion In the range from pH 4 to 12, while the destruction is shght in com- 
parison wnth that in the lower ranges, the loss is nevertheless significant 
No loss was found upon autoclavmg in the basal medium (pH 6 8) for 30 
minutes Thus sterihzation m the microbiological assay may be earned 
out w'lthout loss of the vitamm 

A clear understanding of the stabihty of fohe acid m the permcious 
anemia liver extract is obscured by other factors With mcreasmg pH, 
above 7 0 the apparent folic acid increased durmg autoclavmg at 121° for 
30 minutes over that m the untreated sample to a maximum gam of about 
10 per cent at pH 9, when the activity began to decrease with further in- 
creasing pH At pH 12 it was still significantly greater than in the un- 
treated extract It would appear then that under these conditions allfnh 
either frees bound fohe acid m the liver extract, malong it available to 
Lactobacillus casei, or hberates growth-stimulating substances not available 
m the untreated sample and not present in the basal medium 
These findmgs brmg forcibly to attention the question of suitabihty of 
procedures for fohe acid extraction Data relative to the quantitative 
extraction of this vitamm for purposes of analysis have not been presented 
here, since there are still far too many unanswered questions to peiamt any 
satisfactory recommendation in cases of more complex materials In 
many instances a prelimmary hydrolysis of the substance is necessary to 
free the folic acid, followed by enzyme treatment for the purpose of releasing 
those bound forms not otherwise available to the organism For example, 
one sample of yeast extract subjected to 7§ hours of autoclavmg at pH 4 
yielded a fohe acid value m a slightly modified Teply medium (2) with 
Streptococcus faecalts R 10 times that found for the untreated sample Sub- 
sequent enzyme treatment resulted in a value greater by 4 times that from 
autoclavmg alone Data aie lackmg relative to the completeness of ex- 
traction or degree of accompanjnng destiuction m this case, as well as in 
work reported m the hterature Maximum values often used as a entenon 
are insufficient proof of true vitamin potency 

Of a number of adsorbmg agents that have been found useful in the 
study of organic compounds, only five were found to have any important 
capacity for the adsorption of folic acid under the conditions employed 
The use of fluorescence offered a rapid and convement means for esti- 
matmg the degree of adsoiption from solutions of the crystaUme vitamm 
It is suggested that the use of fluorescence may prove of value m the quanti- 
tative estunation of fohe acid upon the selection of proper filters A study 
of the use of this technique is bemg contmued 
The results reported m Table 11 permitted a selection of the adsorbmg 
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agents that showed most promise and these were used subsequently mth 
the more complex solutions of hver extract and tomato juice serum These 
latter studies, presented m Table III, mdicate that the activated charcoals, 
Darco G-60, CRBX “E”, and carboraffin, were most effective m removing 
fohc acid 

When the pH was varied and Darco G-60 was used, it was found that, of 
the three conditions studied, adsorption was greatest at the lowest pH 
(2 68) Under these conditions fohc acid wus completely removed from 
tomato juice serum ivith two adsorptions Magnesia No 2641 was com- 
pletely meffective m its adsorbmg capacity, three adsorptions at pH 43 
bemg required, as contrasted with complete adsorption by Darco G60 
with the same number of treatments at the same pH 

SUMMARY 

The stabihty of fohc acid under conditions of extraction, stenlization, 
and storage mvolved m microbiological assay procedures for this vitamm 
has been studied No loss of fohc acid wus observed durmg the stenhza 
tion process, or durmg 3 months storage of stock solutions Destruction 
durmg autoclavmg for 30 minutes at pH 3 0 is marked, however, and be- 
comes progressively greater with lowered pH 
In the mterest of preparmg fohc acid-free supplements suitable for ad 
dition to the basal medium, methods of removmg fohc acid from natural 
sources such as hver extract and tomato juice serum were exammed The 
use of heat m acid solution, irradiation, or treatment mth sulfite was un 
satisfactory for this purpose Of a numbei of adsorbmg agents studied 
activated charcoals were most efficient in removmg fohc acid from tomato 
jmce serum, and a pH below 3 0 was most suitable for this purpose For 
aqueous solutions of fohc acid visual companson of mtensity of fluorescence 
after adsorption treatment was used to evaluate the adsorbmg agents 
studied 
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GROWTH INHIBITION OF BACTERIA. BY SYNTHETIC 

PTERINS 


II STUDIES WITH ESCHERICHIA COLI, STAPHYLOCOCCUS AUREUS, 
AND LACTOBACILLUS ARABINOSUS SHOWING SYNERGISM 
BETWEEN PTERIN AND SULFONAMIDE* 

By LOUISE J DANIEL and L C NORRIS 
With the Technical Assistu^ce op Lena Sthuolia and Florence Schenker 

{From the Agricultural Experiment Station and the School of Nutrition, 

Cornell University, Ithaca) 

(Received for publication, July 11, 1947) 

Daniel, Norris, Scott, and Heuser (1) reported that several 2,4-diamino 
pterins inhibit the growth of Streptococcus faecahs and Lactohacillus casei, 
which reqmre preformed folic acid, and Lactobacillus arabtnosus, which 
synthesizes its own needs of the vitamm Lampen and Jones (2) have 
shown that sulfonamides inhibit growth of bacteria by mterfermg with 
the S3mthesia of folic acid The inhibitory pterms are believed to stop 
bacterial growth by preventmg the use of folic acid 
The studies reported here demonstrate that several of these pterins 
also mhibit the growth of Escherichia coh and Staphylococcus aureus, which 
synthesize folic acid, and show that a synergistic effect is obtained by 
addmg both pterm and sulfonamide to the basal media of these bactena 
and Lactobacillus arabinosus 


EXPERIMENTAL 

Cultures and Media — ^The cultures of Escherichia coh and Staphylococcus 
aureus were obtamed from Di I C Gunsalus, Department of Bacteriology, 
Cornell Umversity, and the culture of Lactobacillus arabinosus from the 
Amencan Type Culture Collection The cultunng of the latter orgamsm 
and the medium employed for assay have been described m the previous 
report (1) Escherichia coh and Staphylococcus aureus were carried on agar 
slants composed of 0 3 per cent beef extract, 0 5 per cent peptone, and 1 5 
per cent agar Weekly transfers were made through broth of the same 
composition with the omission of agar 

* This work was undertaken in cooperation with the Office of Naval Research, 
Navy Department, Washington, DC, and was aided by grants to Cornell Umversity 
by the Nutrition Foundation, Inc , New York, and the Western Condensing Com- 
pany, Appleton, Wisconsin The work was conducted in the Nutntion Laboratones 
of the Department of Poultry Husbandry 
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The mediiun used for Eschenchta coh contamed 5 0 gm of NHi citrate, 

3 0 gm of KHaPOi, 3 0 gm of NaCl, 0 2 gm of NasSOi, 0 05 gm of FeSO* - 

THsO, 15 0 mg of macm, 2 0 gm of glucose, 0 5 gm of casern hydrolysate, 
^nd 30 ml of smgle strength Streptococcus faecahs medium (3) made up to 
1 hter ivith H2O at pH 6 5 ml of this medium were placed m each assay 

tube and the supplements were added to a total volume of 10 ml 

For Staphylococcus aureus the medium of Kligler, Grossowicz, and 
Bergner (4) was used This was modified to contain NaCl 10 gm, 
Na2HP04 7 gm , casern hydrolysate 10 gm , L-tryptophan 200 mg , glucose 

4 5 gm , thiamine 4 7, niaom 400 7, and water to a volume of 1 liter at 
pH 7 2 to 7 4 Supplements were added to 5 ml of this medium and the 
final volume made to 10 ml 50 ml Erlenmeyei flasks were employed for 
assay vessels instead of culture tubes, because of the greater surface 
afforded for contact with air 

The culture of Eschenchta coh did not grow well on the morgamc salts 
glucose medium, but grew very rapidly in a complete medium described 
by Snell, Guiiard, and Williams (3) The orgamsm was adapted to the 
salts-glucose medium over a period of several weelvs by gradually decreasing 
the proportion of complete mechum and mcreasmg the simple medium, as 
reported by Shive and Macow (5) Eschenchta coh was then earned by 
daily transfers mto 10 ml of salts-glucose medium supplemented mth 
0 15 ml of complete medium After 20 to 24 hours mcubation at 37°, 
the culture was used to moculate the assay tubes by transferrmg a loopfui 
of moculum mto each tube The tubes were meubated at 37° for 16 to 
18 hours After 4 veeks of this daily transfei, the culture gradually 
became less active, and readaptation was necessary 
Staphylococcus atireus was transferred from the stock slant to a nutrient 
agar slant and grown for 20 to 24 hours at 37° The organisms iicre 
scraped off by sterile loop and suspended m 10 ml of sterile sahne, unt 
the tmbidity of the suspension read 20 to 30 on the Coleman spectrop 0- 
tometer when set at a wave-length of 650 m;i The assay flasks were mocu 
lated by loop and meubated at 37° for 16 to 18 hours At the end 0 6 

incubation period, the growth of all organisms was measured tur 1 i 
metrically by use of a Coleman spectrophotometer 

Compounds Used — ^The synthetic pterms* used m these studies 
been described previously (1) The names of these compounds are pr 
sented in Table I j 

Methods — ^In studies with Eschenchta coh and Staphylococcus ^ 
mcreasmg amounts of pterm and sulfathiazole were added alone an 
combmation to the assay vessels With Lactobacillus araoinosu 


E ^ 

1 The synthesis of these compounds is reported by Mallette, M F , Taylo , 

Jr , and Cam, C K (J Avi Chem Soc , 69, 1814 (1947)) 
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Tvbi.1. I 

Sjulhitic Pftri u Si .itii i 


CcnipOsJid No 

Naiuc 

1 

2,4-Divmiuo b,7 diiuothjlpjriimdo(l,5 blp^' 'snw 

2 1 

3,4 Diuumo U,7 diL\rboxjpiniuuk'i(,l,v'» b)pii vauw 

3 

2,4 Diamino 7 eirbovjpj rumdo(l,o b)pji » iiui 

4 

2,4 Diinuno b,7 diplieujlpjiiuudo(l,o blpji uiiio 

5 

2,4 Diammopyriuudo(l,o b)pj r v me 


Tvblb II 


Inhibition of Growth of Eschtrichia colt by Sijnthdic PUnns mid iSulfoinmidi} 


Compound 

Compound 

added 

Sulfonamide 

added* 

GaU anomc' 
tcr readmit 

Comi)ound 

No 

Com\H)mul 

added 

buKvmamtdo 

(uidcxl 

GaK ammu. 
tcr icailhur 


y per 10 mJ 

y per 10 ml 



y I'ir to ml 

y per 10 ml 



0 

0 ' 

30 

1 

300 

0 

lls 


0 

5 

33 


bOO 

0 

01 


0 

10 

39 


900 

0 

70 


0 

20 

62 


1300 

0 

70 


0 

50 

80 


1600 

0 

81 


0 

100 

91 


100 

0 

30 

1 

1000 

0 

GO 


100 

6 

18 


2000 

0 

88 


100 

10 

80 


3000 

0 

95 


100 

20 

00 


100 

0 

30 


1000 

0 

30 


100 

5 

12 


2000 

0 

10 


100 

10 

67 


3000 

0 

63 


100 

20 

88 


1000 

0 

01 

2 

1000 

0 

30 


6000 

0 

00 


6000 

0 

47 


1000 

6 

11 


1000 

6 

40 


1000 

10 

40 


1000 

10 

60 


1000 

20 

76 


1000 

20 

77 





3 

1000 

0 

37 






5000 

0 

60 






1000 

6 

38 






1000 

10 

39 






1000 

20 

62 



- - - 



* Sulfathiazole 

t A reading of 100 rcprcBcnts no growth 


synergistic effect was shown by adding graded Icvcl‘1 of onifatliia/olo to an 
ineffective level of ptenn The antagonistic effect of folie aeid* on tlai 

2 The authors are indebted to the Lederle Xiaboratoney Jliviuio/i, Ainerh an fy/* 
anamid Company, Pearl River, Nei/ York, for iiynthetie folie aeid 
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pterm and sulfonamide mhibition was shown for each organism by adding 
varying amounts of the vitamin 

Results 

Svneigism of Plenn and Sulfo7iamtde— The results of studies with 
Eschenclita colt and Staphylococcus aureus are presented m Tables II and 
m mZ added alone, the dimethyl (Compoimd 1) and diphenyl 



* Sulfathiazole 
t A reading of 100 represents no growtli 

(Compound 4) pterins were the most susceptible 

of both organisms, although S aureus seeme f a low leve 

t pterin ilbition than E colt The «ombin^^^^^^ g^„^th of 
r>f nteiin and sulfonamide produced a marked between these tno 

jj col. and S a»rcas, Sliowmg 3) hod 1.* 

ZZ ?h® acd der.vat.ves showed a defimte syne 
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added with the sulfonamide Compound 5, 2,4-diammopyrimido(4,5-6)- 
pyrazine, exlnbited only shght antibacterial action on E coli and S aureus, 

Table IV 


Inhibilion of Growth of Lactobacillus arabinosus by Synthetic Pterins and Sulfonamide 


Compound No 

Compound added 

SuUonanudc added* 

Galvanomc 

Without PABA 

;tcr readingf 

With PABAt 


T ptr 10 ml 

y per 10 ml 




0 

0 

10 

5 


0 

10 

33 

13 


0 

50 

39 

20 

1 

0 

100 

45 

48 


0 

1,000 

55 

56 


0 

10,000 

60 

65 

1 

100 

0 

40 

5 


100 

10 

66 

64 


100 

100 

79 

75 


100 

1,000 

90 

82 

2 

1000 

0 

10 

5 


1000 

10 

59 

20 


1000 

100 

58 

49 


1000 

1,000 

58 

64 

3 

1000 

0 

11 

5 


1000 

10 

60 

52 


1000 

100 

75 

70 


1000 

1,000 

85 

85 

4 

2 

0 


6 


2 

10 


1 44 


2 

100 


78 


2 

1,000 


86 


0 5 

0 

37 



0 6 

10 

71 



0 5 

100 

78 



0 6 

1,000 

82 


5 

1000 

0 

28 

5 


1000 

10 

63 

25 


1000 

100 

69 

61 


1000 

1,000 

67 

75 


* Sulfathiazole 

t A reading of 100 represents no growth 
j 1 7 of PABA added per tube 


but when added ivith sulfathiazole showed a considerable synergistic 
effect, especially with iS aureus 

The results obtamed with Lactobacillus arabinosus are presented m 
Table IV Studies were made with and without the addition of p-ammo- 
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benzoic acid (PABA) to the medium The amount of PABA present 
m the medium was so small that it could not be detected by the usual 
Acetobacter suhoxydans assay (6) L arahnosus was found to be rather 
resistant to sulfathiazole It required large amounts of the drug to bring 
about inhibition, and even at 10,000 7 per 10 ml the inhibition was not 
complete Low levels of sulfathiazole had more effect on the growth of 
L araHnosus when PABA was absent than when it was m the mednim 
This 13 as expected, smce more folic acid was synthesized when PABil was 
present When 1 7 of PABA was added per 10 ml of medium, 0 1 to 
0 2 7 of folic acid was found On the other hand, when L arahinosusw 
giown on medium containing no added PABA, no folic acid was detected 
m the medium as deteimined by Slreptococcus faecahs assay 
Synergism was shown between the pterms and sulfathiazole withlor/o 
bactlhis ar abinosus also The diphenyl pterm (Compound 4 ) w as the moat 
active, smce only 0 5 7 of the compound per tube was needed to exhibit 
the syneigistic effect xvitliout PABA m the medium, and 2 7 with PABA 
The 6 , 7 -dicarboxy ptenn (Compound 2) showed x'ery slight if any effect, 
and the 7 -carbo\y derivative (Compound 3 ) was somewhat more effectiie, 
as was 2 , 4 -diammopyrimido( 4 , 5 -b)pyrazine (Compound 5 ) The di 
methyl pterm (Compound 1) was intermediate in its action 
Antagomsm of Inhibition by Folic Aad — ^The results showing the antag 
onism of pterin and sulfonamide inhibition of grow th of Eschenchta coh and 
Staphylococcus aureus by folic acid are presented in Table V Foho acid 
completely oveicame the inhibition of growth of these organisms, 
by low levels of pterm and sulfonamide When higher levels of ptenn snii 
sulfathiazole were used, the antagonism was only partial The antago- 
msm seemed to be competitive regardless of xvhether the sulfathiaiole or 


pterin was waned 

On the other hand, when the inhibition of pterm or sulfonamide was 
studied separately, the effect of added folic acid xvas non-competih^ “ 
nature, as is shown m Tables VI and VII When fohc acid was addw a 
levels of 0 1 to 10,000 7 per tube, the same amount of pterm brought a ^ 
inhibition of growth of Escherichia coh and Staphylococcus , ,j 

though the fohc acid concentiation varied over a 10,000- to ^ 

lange, 1500 to 2000 7 of the dimethyl pterin (Compound 1 ) inhibit 


growth of both organisms , 

In the previous paper ( 1 ) it was lepoited that fohc acid antagomz 
pterm mhibitiou of Lac£o6aat£u3 arobinosus when no PABA xva^r® 
the medium It has been found that if 1 7 of PABA was added per 
5000 7 of added fohc acid had no antagomatic effect on the 0' 

Polic acid when supplied at high levels antagonized the mm 1^^^ 
giowth of Escherichia coli and Staphylococcus aureus caused by 
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amides Lampen and Jones (2) lepoited that folic acid did not oveicome 
the sulfonamide inhibition of E coh and S aweus Houever, these 

Table V 


Antagonism of Plerm and Sulfonamide Inhibition of Growth of Escherichia coh and 
Staphylococcus aureus by Folic Acid 



Plcrm added* 

Sulfonamide 

addedf 

Fohe acid addedt 

Galvanometer 

rcadiDg§ 

Escherichia coh 

7 per 10 ml 

0 

7 per 10 ml 

0 

7 per SO ml 

0 

36 


250 

10 

0 

100 


250 

10 

10 

69 


250 

10 

100 

48 


250 

10 

1,000 

36 


500 

10 

0 

100 


500 

10 

10 

93 


500 

10 

100 

77 


500 

10 

1,000 

43 


500 

10 

10,000 

36 


500 

5 

0 

95 


500 

5 

10 

88 


500 

6 

100 

52 


500 

5 

1,000 

38 

Staphylococcus 

0 

0 

0 

15 

aureus 

100 

5 

0 

93 


100 

5 

10 

96 


100 

5 

100 

59 


100 

5 

1,000 

30 


100 

5 

10,000 

18 


250 

5 

0 

95 


250 

5 

10 

96 


250 

5 

100 

95 


250 

5 

1,000 

85 


250 

5 

10,000 

84 


100 

10 

0 

92 


100 

10 

10 

96 


100 

10 

100 

97 


100 

10 

1,000 

50 


100 

10 

10,000 

22 


* 2,4-Dianiino 6,7 climethylpyrimido(4,5 i>)pyrazme 
t Sulfathiazole 
t Synthetic fohe acid 

r § A reading of 100 represents no growth 

I workers used low levels of fohe acid Fiom the data presented here, it is 
evident that 1000 y of folic acid per 10 ml of medium ^ill produce ap- 
proximately normal growth of both organisms up to a certain concentration 
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Tabll VI 

Non-Anlagomslic BJfccl of Synthetic Pterin and Folic Acid on Growth of Eschenchta 
coh and Staphylococcus aureus 



Ptenn 

added* 

Folic aad added,! 7 per 10 ml 

0 

0 1 

1 

10 

100 

1000 

10 , 0 » 


Y per JO ml 



i 


j 



Escherichia coh 

500 

36{ 

1 

36 

38 

38 

39 

37 


1000 

66 

! 

65 

65 

65 

6 S 

65 


1500 

S3 


77 

81 

79 

76 

81 


2000 

88 


90 

89 

91 

88 

SI 

Staphylococcus 

500 

44 

12 

41 

38 

38 

38 


aureus 

1000 

71 

72 

71 

72 

71 

68 



1500 

OS 

05 j 

1 95 

94 

96 

95 



* 2,4;-Diaimno 6,7-dimethylpyrimido(4,o-&)pyrazme 
T Synthetic fohc acid 

J Galvanometer readings, 100 represents no growth 


Tujle VII 

Antagonism of Sulfonamide Inhibition of Growth of Escherichia coh, Staphylocouui 


aureus, and Lactobacillus arabinosus by Folic Acid 



Sulfa 

Ihiazole 

added 



Folic aad added,* 7 per 10 mt 



jji^H 

Bi 

1 

10 

100 

1000 

sooo 

w/xo 


y per 10 ml 









Escherichia coh 


3St 



38 

37 

38 


38 



52 



46 

41 

35 


36 



86 



68 

39 

37 


37 



94 



86 

58 

36 


37 



95 



93 

92 

90 


54 



95 



93 

92 

91 


S6 

Staphylococcus 


15 




16 

15 

IS 


aureus 

50 

48 




43 

25 

17 




68 




57 

30 

20 




S3 




75 

21 

24 




85 




86 

SO 

50 



a 

90 




88 

00 

87 


Lactobacillus arabi 

0 

5 

5 

5 

0 





nosus, with 

100 

48 

53 

16 

6 





PrVBA 

1,000 

oG 

63 

12 

5 






4,000 

60 

06 

32 

6 





Lactobacillus arabi- 

0 

10 

9 

10 

10 





nosus, without 

100 

45 

53 

22 

7 





P\BA 

1,000 

55 

62 

15 

5 






4,000 

57 

50 

28 

9 


. 





* Synthetic lohc acid 

t Galvanometer readings, 100 represents no growth 
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of bulfuthiazolc Above 100 y of sulfathiazole per tube for E coh and 
above 500 y for S aureus, the antagonism is partial oi absent This 
appeals to bo an o\amplo of non-competitive antagonism 
Tlie lesults of a study of the antagonism of sulfonamide inhibition of 
Lactobacillus arabinosus by folic acid aie presented m Table VII It is 
evident that this antagonism is non-competitive whethei PABA is present 
m the medium or not As soon as the requirement of L arabinosus for 
folic acid was met, the amount of sulfathiazole present was of no 
impoitance 


DISCUSSION 

The results piesented m this paper demonstiate that ceitam 2,4-diammo 
pterins show’ marked antibacteiial action agamst Escherichia coh and 
Staphylococcus aureus and act S 3 aiergistically with sulfathiazole to inhibit 
the growth of bacteiia that synthesize folic acid Synergism betw’een the 
pterins and sulfonamides is to be e\pected, smce they aie competmg with 
two different paits of the folic acid molecule Beerstecher and Shive (7) 
have suggested that synergism usually occurs when tw’o inhibitors prevent 
the functiomng of two different enzymes m one senes of enzymatic re- 
actions The sjmergism shown by sulfonamide and pterin is one m which 
there are tw o mhibitors, one of which pi events the functiomng of an enzyme 
active m the synthesis of folic acid, and the other of which appeal’s to 
prevent the formation of an enzyme m which folic acid probably acts as the 
prosthetic gioup The inhibitoiy ptenns may prevent the foimation of 
the protem complex by competmg w'lth folic acid foi the same position on 
the protem surface 

Folic acid has been shown m a pievious leport (1) to antagonize the 
inhibition of growth of Streptococcus faecalis, Lactobacillus casei, and 
Lactobacillus arabinosus (without PABA) caused by the 2,4-diammo 
pterins Folic acid overcomes pterm inhibition of grow'th of Escherichia 
coll and Staphylococcus aureus at low levels of the compounds, but only m 
the presence of sulfonamide The antagonism seems to be competitive 
wutliin a nanow lange As the level of sulfonamide oi pteim is laised, 
more folic acid is reqimed to overcome the inhibition 

When the pterm is added alone, the antagomsm of folic acid is meffective 
No mattei how much folic acid is added, a constant amount of pteim will 
inhibit grow th The explanation of this is uncertain, but it may be that 
the pterm is pieferentiaUy adsorbed on the protem surface, oi that little 
ot the folic acid can penetiate the cell structme Undei these conditions 
and be used 

Sulfathiazole and fohc acid exhibit non-competitive antagonism at 
relatively low levels of sulfonamide for Escherichia coh, Staphylococcus 
aureus, and Lactobacillus arabinosus Smce sulfonamides mterfere wit' 
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the synthesis of fohc acid and not with its use, it is logical that this antago- 
nism should be non-competitive m nature 
The results obtamed m these studies pomt to the possibihty of using the 
inhibitory pteiins m conjunction with sulfonamides m therapy, thereby 
decreasmg the amount of sulfonanudes required The possible use of 
these pterms m other bacterial infections not affected by sulfonamides 
should not be overlooked, smce these compounds are effective agamst 
those organisms that require folic acid, whether tliej”^ need the vitaimn 
preformed or synthesize it 


SUICUARY 

Several synthetic pteims have been shown to possess marked anti- 
bacterial properties for Eschericlna coli and Staphylococcus aureus These 
compounds exhibit synergism with sulfathiazole m inhibitmg the growth 
of organisms that synthesize folic acid This inhibition is antagonized 
competitively by fohc acid at low levels of the pterm and sulfonamide 
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feEPAKVnON OF ANTINVASIN I INTO TWO COMPONENTS 
Sirs 

The pretence of an antihyaluiomdase factor in normal serum has been 
established Since liyaluionidase, which mediates spreading and invasion 
of bacteria and venoms, is inactuated in the course of this enzymatic re- 
action, the term antin\ asm I has been introduced for the substance which 
inactivates hj aluronidase ^ 

In the course of isolation and purification of antmvasm I from serum, 
two individual fractions have now been obtained Each of these fractions 
alone is practically inactive, but lecombmation of the tw'o fractions results 
in the restoration ot the original antmvasm I activity, as indicated by the 
rapid destruction of hyaluromdase 

The method of separation of antmvasm I into two components has been 
established for hog serum Preliminary evidence indicates that with a 
somewhat modified procedure antmvasm I of human and rat serum hke- 
wise may be separated into tw'o components and that the activity can be 
recovered by recombination of the two fractions 

That the reaction of antmvasm I derived from various species is not 
specific has been confiimed and extended here in experiments with the two 
individual components Ci oss-reactions with heterologous serum fractions 
showed that antmvasm I activity was restored when Fraction I from human 
serum was combined with Fraction II from hog serum or vice versa 

For the separation of Component I, hog serum is cooled to -2°, the pH 
IS adjusted to 8 4, and cold ethanol is slowly added to a total concentration 
of 25 pel cent Component II under these conditions remains essentially 
m solution The precipitate which contains Component I is separated by 
centrifugation and dissolved at pH 7 5 m a solution 0 02 m with respect to 

sodium chloride j j. 

Component II is precipitated from the supernatant solution by readjust- 
ing the hydrogen lon concentration to 6 1 The precipitate containmg 
Component II is collected by centrifugation, dissolved in water, and neu- 
tralized The antmvasm I activity of whole hog serum, of the two in- 
dividual fractions, and of the recombined components is demonstrated in 
the table The viscosimetric method previously described was used for 
testing antmvasm I activity ^ 

1 Haas, E , J Biol Chem , 163, 63 (1946) 
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Expenment No 

Test substaace 

Antinrasia I 
activity 



ieraid 

I 

Serum (0 1 ml ) 

100 

II 

Fraction I obtained from 0 1 ml serum 

14 

III 

jj it ‘*0 1 ** 

7 

IV 

Fractions I and II obtained from 0 1 ml serum. 

100 


combined 



The results, summarized m the table, indicate that for antmvasm I 
activity the participation of at least tv,o components is required The 
small activity observed in Expenments II and III presumably is due to 
incomplete separation of the two components Both components are ap- 
parently of protem nature The one present predominantly in Traction 
II IS heat-labile, incubation for 30 minutes at 60° results in a complete loss 
of activity The other component, present essentially in Fraction I, is 
less heat-sensitive and retains its activity under the conditions indicated 
Based on this difference m response to elevated temperature a second 
method of separation of the two components is provided 
Thus it has been shown that there are at least tiv o components of antm- 
vasm I and that they can be separated by fractionation with ethanol or by 
selective denaturation at elevated temperature 

AliFBBD GoLDBEBC 
Erwin Haas 
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THE ACTION OF RIBONUCLEINASE ON YEAST NUCLEIC ACID* 
Sirs 

The use of enzymes as tools for the elucidation of the structure of ribonu- 
cleic acid which Mas introduced by Thannhauser^ has been greatly stimu- 
lated by the isolation of nbonucleinase in crystallme form by Kumtz - The 
mechanism oi the action of this enzyme is as yet unknown except for the 
fact that it mvoh es the transformation of phosphoric acid diester groups 
into phosphoric acid raonoester groups ® 

We found that the hydrolysis of yeast ribonucleic acid by n sodium 
hydroxide as m ell as by nbonucleinase is accompamed by the appearance 
of organic pliosphorus compounds from which inorgamc phosphate is 
rapidly formed during a subsequent short incubation with acid prostate 
phosphatase,'* Mhile ribonucleic acid itself is completely resistant agamst 
prostate phosphatase under the same conditions The effect of alkah on 
nucleic acid differs sharply from that of nbonucleinase, masmuch as after 
treatment mth x sodium hydroxide the P groups are quantitatively re- 
leased as inorganic P during the subsequent incubation with prostate 
phosphatase, while an exhaustive hydrolysis -with nbonucleinase renders 
only approximately 25 per cent of the total P groups hydrolyzable by 
prostate phosphatase 

Since, under the conditions of our experiments, all mononucleotides are 
practically quantitatively dephosphorylated by prostate phosphatase, this 
means that alkah hydrolysis results m the complete cleavage of nbonucleic 
acids to mononucleotides, whereas after exhaustive digestion of ribonucleic 
acid with nbonucleinase, at least 75 per cent of the P groups are present 
in the form of lower polynucleotides 

By the application of a new hydrolysis method^ which permits the quanti- 
tative partition of ribonucleotide imxtures into purme and pjmmidme 
nucleotides, it could be demonstrated that the morgamc phosphate resultmg 

« 

* This study was aided by grants from the ilockefeWer Foundation, the American 
Cancer Society, Inc , the Godfrey H Hyams Trust Fund, the Bingham Associates 
Fund, and the Charlton Fund 

^ Thannhauser, S J , Z physiol Ckem , 91, 329 (1914) 

* Kumtz, M , J Gen Physiol , 24, 15 (1940) 

’ Allen, F W , and Eiler, J J , J Biol Chem , 13T, 757 (1941) 

< Bolomey and Allen (J Biol Chem , 144, 113 (1942)) have already reported that 
the dephosphorylation of ribonucleic acid by almond phosphatase is greatly increased 
when it IS preceded by incubation of the substrate with nbonucleinase 

' Schmidt, G , Cubiles, R , and Thannhauser, S J , Cold Spring Harbor symposia 
on quantitative biology. Cold Spring Harbor, 12 (1947) 
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from the combined action of nbonucleinase and prostate phosphatase on 
yeast ribonucleic acid originates e\clusively from the pjTimidme nucleotide 
groups of nbonucleic acid The acid-soluble polynucleotide fraction 
formed by the combined action of both enzymes was isolated in good yield 
It was found to be resistant against prostate phosphatase The ratio, 
purine nucleotide P to pyrimidine nucleotide P, in this polynucleotide 
fraction practically equals 2 1 as compared ith the ratio 2 2 found in the 
origmal nbonucleic acid 

We conclude from these observations that the action of nbonucleinase 
involves specifically the pjTimidine nucleotide groups of nbonucleic acid 
This conclusion is essentially in agreement with observations recently 
reported by Lonng, Carpenter, and Roll ® In contrast to the opuuon of 
these authors we conclude that not only the slowly diffusible but also a 
considerable portion of the fast diffusible split-products are polynucleotides 
The apphcation of prostate phosphatase to the analysis of nucleotide 
mixtures is a smtable means for the quantitative partition of monoester 
and diester P groups It is particularly valuable for the purpose of estimat- 
ing the maximally possible amount of mononucleotides present m such 
mixtures In the isolation of nbopolynucleotides, prostate phosphatase 
can be used inth great advantage for the complete removal of mono- 
nucleotides 
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THE ENZYMATIC MCCIUNISM OF ARGININE FORMATION 

FROM CITRULLINE* 


* Sirs 


The synthesis of argmine from citrulhne and glutamic or aspartic acid m 
kidnej slices,’ and from cituilline, glutamic acid, and catalytic amounts of 
ATP in kidney and liver homogenates,- has hitherto been effected only 
under aerobic conditions \ soluble enzyme, free of pyridine nucleotides, 
has now been obtained by alcohol fractionation of a buffered e\tract of beef 


Micromoles substrate added 

ilicromoles found 

OL- Aspartic 
acid 

]>Glutamic 

acid 

Oialacetic 

acid 

t Citrullme 

t-Phospho- 
glyceric acid 

Urea* 

irMalic acid 

40 

■■ 


'■nHi 

30 

9 3t 

9 5 





30 


0 2 





30 

8 6 

9 0 





30 

0 1 

0 0 


20 

30 


30 


0 2 

40 




30 


0 2 

40 



20 


0 9 



* Since the preparation contained arginase, arginine was estimated as urea 
t When phosphoglyceric was replaced by 8 micromoles of ATP, 3 2 micromoles 
of urea were found, inhibition was observed with higher \TP concentrations The 
reaction mi\tures were incubated at 38® for 50 minutes Each tube contained 
2 2 X 10-» M MgSO^, 3 3 X 10-‘ m ATP, 3 3 X 10-» m potassium phosphate, pH 7 i, 
expressed as final concentrations, 0 6 ml of thoroughly dialyzed enzyme solution 
containing 28 mg of protein, and neutralized substrates as indicated in the table 
The final volume w as 3 ml Urea was estimated colorimetricallj (Archibald, R IM , 
J Bwl Chcm , 167, 507 (1915)) and malic acid was estimated enzymatically (Ochoa, 
S , Mehler, A , and Kornberg, A , J Biol Chem , 167, 871 (1947), and personal com- 
munication) 


liver acetone powder which cataly’^zes the anaerobic formation of arginine 
and malic acid from citrulhne and aspartic acid in the presence of Mg^ , 
catalytic amounts of ATP, and phosphoglyceric acid as ATP generator 
(see the table) Aspartic acid may be replaced by a mixture of glutamic 
and oxalacetic acids because, under these conditions, aspartic acid is forme 
by transammation The reactants may therefore be restricted to aspartic 
acid, citrulhne, and high energy phosphate 


* 

1 

2 
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LETTERS TO THE EDITORS 


The failure of slices and homogenates to form arginine anaerobically 
can be ascnbed to the fact that aerobic conditions are required for the 
generation of ATP by oxidation of keto acids ® Aerobically then glutamic 
acid must act as a substrate for ATP generation, as'a precursor of oxalacetic 
acid, and in the formation of aspartic acid by transamination It is of 
interest that in homogenates aerobic argmine production is accelerated by 
the addition of oxalacetic acid ■* 

The experimental data fail to support the hypothesis of transunmation 
which postulates the oxidative removal of 2 H atoms ^ The reaction may 
be formulated as an exchange of an OH and an NE 2 group in a manner 
analogous to transamination, it is assumed that citruUme is m eqmlibnum 
with an isourea form ^ 


R NH 

COOH 

R 

1 II 

N— COH + 

H 1 

HN— CH 

-H=0_ J,, 

1 

1 

H 

H 

H.CCOOH 


Citrulline 

Aspartic acid 



R NH COOH 
H I 


H5CCOOH 


+HiO 


R NH COOH 

I II I 

N— C— OTj + HOCH 
H HsCCOOH 


Argmine 


Malic acid 


In assigning a precise r61e to the high energy phosphate, one possibihty 
IS phosphorylation of the hydroxyl group m the isourea form of citruUme, 
in winch case H 3 PO 4 rather than H 2 O would be split off on condensation 
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Ggessing, Ludewig, and Chanutin, 

551 

Brain Cerebroside, dihydrosphingosine 
isolation. Carter, Norns, Click, Phil- 
lips, and Harris, 269 

Phospholipide cleavage, Sperry, 675 
Burette Micro, and vernier, halelson 
and Zuckcrman, 305 


Carbon dioxide Fixation, isocitric acid, 
(?) isoha and 1 ennesland, 461 

— , liver, Ochoa, Mehler, Blanchard, 
Jukes, Hoffmann, and Regan, 413 
Carboxylase Code , pj ridoxal 3 phos- 
phate relation, GunsaUis and Um- 
breit, 415 

Carboxypeptidase Crystalline, \curath, 
Elkins, and Kaufman, 231 

Carotenoid (s) Pigments, Carr-Price col- 
ors, temperature effect, Caldwell and 
Hughes, 97 

Carr-Price Reagent, temperature effect, 
Caldwell and Hughes, 97 

Cerebroside (s) Brain and cerebrospinal 
cord, dihydrosphingosine isolation. 
Carter, Norris, Click, Phillips, and 
Harris, 269 

Cerebrospmal cord Cerebroside, dihy- 
drosphmgosine isolation. Carter, 
Korns, Glick, Phillips, and Harris, 

269 


Cerebrospmal fluid Streptomycin de 
termination, chemical. Boxer and 
JelincI, 491 

Cevine Ilexanetetracarboxj he acid, 
Huebner and Jacobs, 181 

Chick Intipernicious anemia prepara 
tions, effect, Xichol, Robblee, Cra 
lens, and Eliclijem, 419 

Blood cells, red, parasitized, nbo- 
nuclease activity. Miller and Ko’ 
loff, 105 

Phenj lalanine and tj rosine, interrela 
tions. Gran, 661 

Chromogenic substrate (s) Huggins and 
Smith, 391 

Huggins and Lapides, 467 

Citric acid Biological fluids, determina 
tion, micro-, Xatelson, Lugomj, and 
Pincus, 597 

Iso-, carbon dioxide fixation, Grisoha 
and Vcnncsland, 461 

Citrullme Arginine from, enzyme mech 
anisni, Rainer, 761 

Ornithine conversion, liv er homogenate 
effect, Cohen and Hayano, 6S7 
Cobalt Metabolism, Comar and Davis, 

379 

Radioactive, tissue distribution, Comar 
and Davis, 

Codecarboxylase Pj ridoxal 3 phosphate 
relation, Giinsalits and Umbreit, 

415 

Coenzyme (s) Tissue, Robinson, Levi 
las, Rosen, and Psrlzweig, 6o3 
Conjugase Pteroj Iglutamic acid, m 
hibition and reversal, nucleic acid 
and sulfhj drv 1 combimiig reagents, 
effect, Mims, Suendseid, and Bird, 

36) 

Cozymase Enzv me degradation, 

tng and Graham, ‘ 

Cystathionine Stereoisomers, cleavage, 
liver effect, Anslowanddu VtgneaiH, 
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D 

Deaminase (s) Biotin effect, 
and Umbreit, 

Dehydropeptidase Zinc effect, 

and Fruton, . 

Delphmin^ , Derivatives, Jacobs ^ 
Hutbner, 
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Doutcnum Molhionmo incllijl group, 
traiiamcthyl \tion htuclj , use, Sim 
iiiomU, Cohn, and dii Vigncaud, 631 
Diabetes Glucose upLike, duphragni, 
cHcct, Krahl and Con, 607 

Diaphragm Glucose uptal c, diabetes 
ind idreiialcctoini , dTcct, Krahl and 
Con, 607 

Gljcogcri synthesis, insulin elTect, 
Sladic and Zapp, 55 

Diet Guini. i pig, esscnti d factor, Simon- 
sai and lan WaQlcndonk, 239 

Tissue phospliolipidcs, rel ition, Irtom 
and /' ishman, 5S7 

Dihydrosphingosme Brim and cerebro 
bpin.ll lord ccrebrosidcs, isolation. 
Carter, Norna, Glicl , Phillips, and 
Harris, 269 

Diisopropyl fluorophosphate Plant ace- 
tjlestemse, elTcct, Jansen, \ titling, 
and Balls, 417 

Diphtheria To\oid, isolation and charac- 
terization, Pillcmer, loll, and Bad 
ger, 571 
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Enzyme (s) Arginine formation from cit- 
rullinc, mechanism, Rainer, 761 
Co- See Coenzyme 
Cozymaso degradation, Spaulding and 
Graham, 711 

Fluoroacetate effect, Bartlett and Bar- 
ron, 67 
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tidase, Codecarbo\ylase, Conjugase, 
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tidase. Esterase, Lipo\idase, Phenol- 
sulfatase, Phosphorj lase, Ribonu- 
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Tryptophanase 
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utilization, Stmmonds, Tatum, and 
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lation. Darnel and Noiris, 747 
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cation, Wood, Gunsalus, and Dm- 
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and Balls, 417 
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Huggins and Lapides, 467 
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Pearlman, Raloff, Cantarow, and 
Paschlis, 173 
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distribution studies, Sato, Barry, 
and Craig, 501 

Fermentation 0\idative reaction mech- 
anism, Meyeihof and Oesper, 1 
Fluoroacetate Bacterial metabolism, ef- 
fect, KalnilsLy and Barron, 83 
Enzjmes, effect, Bartlett and Barron, 

67 

Pyruvate metabolism, effect, Bartlett 
and Barron, 67 

Tissue metabolism, effect, Bartlett and 
Barron, 67 

Yeast metabolism, effect, Kalmtsky 
and Barron, 83 

Folic acid Detemunation, Daniel and 
Khne, 739 

Food(s) Valine determination, micro 
biological, Horn, Jones, and Blum, 
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Huebner and Jacobs, 181 

Glucose Diaphragm, uptake, diabetes 
and adrenalectomy, effect, Krahl and 
Con, 607 

Glucose-l-phosphate Decomposition, ar- 
senate effect, Doudoroff, Barker, and 
Hassid, 147 

Glutamic Aspartic transaminase, reso- 
lution and purification. O’ Kane and 
Gunsalus, 425 

Glutamic acid Pterojl- See Pterovl- 
glutamic acid 

Glycerol ether (s) Naturallv occurring, 
Baer and Fischer, 337 

Glycogen Sjnthesis, diaphragm, insulin 
effect, Stadie and Zapp, 55 

Growth Bacteria, pterins, synthetic, 
effect, Daniel and Norris, 747 
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Cerebroside (s) Brain and cerebrospinal 
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Liver — continued 

stcncdiouc 3,17, effect, Clark and 
Koehaktan, 23 

Testosterone metabolism to eis-testostc- 
rone, effect, Clark and Koehaktan, 23 

M 

Manganese Biological material, deter- 
mination, micro-, catalysis use, Kun, 

509 

Determination, microbiological, Benl~ 
ley, Snell, and Phillips, 343 

Mannitol Blood plasma, determination, 
Coreoran and Page, 165 

Urine, determination, Corcoran and 
Page, 165 

Metabolism Tissue, fluoroacetate effe-t, 
Barilelt and Barron, 07 

Metbionme Transmethylation, deuter- 
ium in methyl group, use, Simmonda, 
Cohn, and du Vigneaud, 631 

Methylnicotmamide N‘-, acetone and, 
condensation product, fluorescent, 
Robinson, Levtias, Rosen, and Perl- 
zuieig, 653 

neral (s) Lactic acid bacteria, require- 
^ ,meata, MacLeod and Snell, 351 
,cle Adenylic acid nitrogen, reju- 
venation tn VIVO, isotopic nitrogen in 
tudy, Kalckar and RiUenberg, 455 
'■t, lipoMdaso, Walts and Peng, 
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Nuclease Ribo-, blood cell, red, para- 
sitized, chick, activity. Miller and 
Kozloff, 105 

Nucleic acid Combining reagents, ptor 
oylglutamic acid conjugaso, effect, 
Mims, Swendaeid, and Bird, 367 
Yeast, ribonucleinase action, Schmidt, 
Cubiles, Swartz, and Thannhauscr, 

759 

Nuclemase Ribo , yeast nuoloic acid, 
action, Schmidt, Cubiles, Swartz, 
and Thannhauscr, 759 

Nucleotide (s) Pyridine, tissue, deter 
mination, Robinson, Levitas, Rosen, 
and Pcrlzwcig, 063 

O 

Ole c acid Lactic acid bacteria growth, 
effect, Williams, Broquisl, and Snell, 

019 

Related compounds, lactic acid bacteria 
growth, effect, Williams, Broquisl, 
and Snell, 019 

Organic compound(s) Identification, 
micro, distribution studies, Sato, 
Barry, and Craig, 501 

Omithme Citrulline, relation, liver 
homogenate effect, Cohen and 
Hayano, 087 

Oxidative reaction Fermentation, mech 
anism, Meyerhof and Oesper, 1 
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Phenylalanine Vdiciulin, radioattue, 
biological synthesis from, Gunn and 
Delltaa, 545 

Tyrosine and, intcrrcUtions, chick, 
Grau, 661 

Utilization, Ubanesc, Irby, and Lcin, 

731 


Phospholipide(s) Cleavage, brain, 
Sperry, 675 

Tissue, diet relation, lr/o?« and Fish- 
man, 5S7 

— , dietary lactose, efiett, Irioin and 
Fishman, 5S7 

Phosphorylase Sucrose, bacterial, Dou- 
dorojj. Barker, and Hassid, 147 
Pignient(s) Carotenoid, Carr-Priec col- 
ors, temperature effect, Caldiidl and 
Hughes, 97 

Plant Acetylesterase, diisopropyl flu- 
orophosphate effect, Jansen, A ai- 
ling, and Balls, 417 

Transaminases, Leonard and Burris, 

701 


Pregnancy Bile estrone, isolation. Pearl- 
man, RakojJ, Cantarow, and Pasch- 
kis, 173 

Proline Hydro\y-, oMdation, periodate 
effect, Carter and A cville, 301 

Protein (s) B, pancreas, crystalline, pro- 
teolytic activity, Keith, Kazuiko, 
and Laskouski, 227 

Blood serum, injury effect, Gjcssing, 
Ludeung, and Chanidin, 551 

Valine determination, microbiological, 
Horn, Jones, and Blum, 719 

Proteolysis Pancreas protein B, cry stal- 
line, activity, Keith, Kazenko, and 
Laskonski, 227 

Pterm(s) Sulfonamide and, synergism, 
Escherichia coli, Staphylococcus au- 
reus, and Lactobacillus aiabinosiis, 
relation, Daniel and Korns, 747 
Synthetic, bacterial gronth, effect, 
Daniel and Non is, 747 

Pteroylaspartic acid viglutanno 

acid, relation, Moual, 

Oleson, StokstaOi Waller, 

Angicr, Scinb, a? , 323 

Pteroylglutamic acid ' h bi- 

tion and i \ - and 

sulfhydryl < j ef- 
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feet, Mims, Suendseid, and Bird, 

367 

Lactobacillus arabinosus and Slreplo 
bacterium plantarum, effect, Lamptn 
and Jones, 133 

Pteroylaspartic acid, relation. Hutch 
mgs, Moual, Oleson, Slokstad, 
Boothe, Waller, Semb, and SubbaRoic, 

323 

Pyridme Nucleotides, tissue, deter 
mination, Robinson, Levitas, Rosen, 
and Pcrlzucig, 6o3 

Pyridoxal phosphate Function, Wood, 
Gunsalus, and Umbrcil, 313 

Pyridoxal-3-phosphate Codeearboxylase 
relation, Gunsalus and Umbreil, 415 
Pyruvate Metabolism, fluoroacetate ef 
feet, Bartlett and Barron, 67 

R 

Ribonuclease Blood cell, red, para 
sitized, chick, activity, Miller and 
Kozloff, 105 

Ribonuclemase Yeast nucleic acid, ac- 
tion, Schmidt, Cubtles, Swartz, and 
Thannhauser, ^59 

S 

Selachyl alcohol Baer and Fischer, 337 
Geometrical isomer, Baer and Fischer, 

337 

Soy bean See Bean 
Sphmgolipide(s) Biochenustry, Carter, 
Korns, Click, Phillips, and Harris 

CarUr, Click, Norris, and Phillips, 

285 

Carter, A orris, and Rockuell, 295 
Spbingosme Chemical constitution, 

Carter, Click, Yarns, and 

Diliy dro-, brain and cerebrospinal wrd 
cerebrosides, isolation. Carter, er 
n'>, Click, Phillips, and Harris, -W 
-Rr (Uompounds, synthesis, 

and Rockuell, ~ 

SU js aureus Ptenn aud sui 

synergism, relation, 

S osterone metabolism to, 

- Yark and KochaUam 
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Strcptobactenuin plantaruin p Viuino 
bonioic acul effect, dampen and 
Jones, IJJ 

, iie\d effect, I aiupcii 

k and Jones, 13J 

Streptomycin liiixid, ileternunaUon, 
cliciiiiuil, Bujccr and Jehnek, 101 

Ccrcbrospiiul (Iuk!, ffetcrimnution, 
cheinic.ll. Boxer and Jehnek, 131 
Sucrose Decoinixibition, iracn.itQ effect, 
DoudoroJJ, Darker, and Hassid, 147 
PhossphoryUijC, bictcnal, Doudoroff, 
Barker, and Itassid, 147 

Sulfate (s) ThiQejamUe sulfur conver 
siou to, IKootl, Williams, and Kiiigs- 
laiid, 251 

Sulfhydryl Combining reagents, pter- 
ojlglutamic acid conjugasc effect, 
Mims, Siccndscid, and Bird, 367 
Sulfonamide (s) Pterins and, synergism, 
Escherichia coii, Sla-phylococcus au- 
reus, and Lactobacillus arabmosus, 
relation, Daniel and ^iorris, 747 
Sulfur Tliiocjanatc sulfate conversion. 
Wood, IPiUtaiiM, and Kingsland, 


Testosterone cts-, testosterone metabol- 
ism, liver effect, Clark and Kocka- 
kian, 23 

Metabolism, liver effect, Clark and 
Kochakian, 23 

— to androstene 3,17, liver effect, 

Clark and Kochakian, 23 

— — cis-testosterone, liver effect, 

Clark and Kochakian, 23 

Thiocyanate Sulfur, sulfate conversion. 
Wood, Williams, and Kingsland, 

251 

Tissue (s) Metabolism, fluoroacetate ef- 
fect, Bartlell and Barron, 67 

Phospholipides, diet relation, Arlom 
and Fishman, 587 

— , dietary lactose, effect, Arlom and 
Fishman, 587 

Tocopheryl phosphate a-, cozyniase de- 
gradation, effect, Spaulding and 
Graham, 711 

Toxln(s) Ixnmunochemistry, Pillemer, 
Toll, and Badger, 571 


Toxoid(s) Diphtheria, isolation and 
charaetenzilion, Pillcmcr, Toll, and 
Badger, 571 

Iimuunothcmistry, Pillemer, Toll, and 
Badger, 571 

Transammasefs) Aspartic alanine, 
O’ Kane and Gunsalus, 433 

Glutamic aspartic, resolution and pun- 
hcation, 0’ Kane and Gunsalus, 42a 
Plant, Leonard and Bums, 701 

I Tryptophan Niacin deficient diets, 

, growth effect, Henderson, Deodhar, 
Krchl, and Elvchjem, 261 

Urine, Berg and liohse, 725 

Tryptophanase Escherichia coii, reso- 
lution and purification, Wood, Gun- 
salus, and Umbreii, 313 

Tyrosme Phenylalanine and, interrela- 
tions, chick, Grau, 661 

TJ 

Urme Mannitol deteiniination, Corcoran 
and Page, 165 

Tryptoptum, Berg and Rohse, 725 

V 

Volme Foods, determination, micro 
biological, Horn, Jones, and Blum, 

719 

Proteins, determination, microbiologi- 
cal, Horn, Jones, and Blum, 719 
Veratrine Alkaloids, Huebner and Ja- 
cobs, 181 

Jacobs and Huebner, 635 

Vitamm(s) A, Carr Price colors, tem- 
perature effect, Caldwell and Hughes, 

97 

C See also Ascorbic acid 
H See also Biotm 

y 

Yeast Metabolism, fluoroacetate effect, 
Kalnitskg and Barron, S3 

Nucleic acid, ribonucleinase action, 
Schmidt, Cubiles, Swartz, and Thann- 
hauser, 759 

Z 

Zme Dehydropeptidase, effect, Yvdkin 
and Fruion, 421 



